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A Method and a Device for the Evaluation of Biopolymer Fitness 



The. object of the present invention is a method for identifying 
one or a small number of molecules, especially in a dilution of 
<s 1 /xM, using laser excited fluorescence correlation spectrosco- 
py, the use of said method in particular applications, as well 
as a device for performing the method according to the inven- 
tion . 

In recent years, analysis of biologically active molecules has 
been constantly improved in terms of specificity and sensitivity 
and supplemented by basically novel techniques. In this context, 
we may refer to cloning methods or the methods of enzyme-based 
amplification of genetic material to amplify single cells or 
molecules to such a number that they become apt to conventional 
analysis. In many cases, however, it would be more advantageous 
if analytic methods were sufficiently sensitive to qualitatively 
and quantitatively apply directly to single molecules or ensem- 
bles of a few molecules. 

Electron microscopy, for instance, is a technique that can 
detect single molecules. Thus, attempts are made to sequence 
single DNA molecules by means of tunnel electron microscopy. 
This is very laborious, however. 

Beyond the mere analysis of single molecules, information about 
state parameters of the molecules, such as their conformations 
and interactions with other molecules or molecular structures, 
are important in many fields. 



Modern methods of evolutive biological engineering are concerned 
with highly complex collectives of molecules. Their object is to 
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identify molecules having specific properties of interaction 
with target structures, that is to measure a particular fitness 
with respect to a desired function. Such fitness can be reduced 
to thermodynamic parameters such as binding constants or rate 
constants . 

Sometimes it is less critical for the solution of particular 
problems to increase the sensitivity of an assay method, for 
instance when the molecule to be analyzed is present only in 
small concentrations. Rather, a very large number of samples 
which have to be analyzed more or less simultaneously must be 
coped with. If for instance 10 6 analyses have to be performed 
within a period of hours, it is obvious that only an analytic 
method can be considered where the samples can be measured and 
evaluated within a period of about 1 ms to 1 s as a maximum. The 
problem underlying the invention is, inter alia, to provide a 
method which, beyond the mere detection of single molecules, 
allows for informations about their specific interactions with 
other molecules or molecular structures to be obtained. More- 
over, a very large number of samples is to be analyzed virtually 
simultaneously. 

The method according to the invention is based on a luminescence 
detection and makes use of a technique which is known per se 
under the name of fluorescence correlation spectroscopy (FCS) . 
Chromophorous molecular structures having fluorescence proper- 
ties can be used to obtain information about the molecular 
environment of a chromophorous ligand. Rotational diffusion and 
translational diffusion of a luminophore may be measured as well 
as different paths of energy transfer to interacting molecules, 
chemical kinetics and the lifetime of excited states. 

Based on physicochemical phenomena known per se, the method 
according to the invention provides novel solutions, making use 
of spectroscopic measuring parameters, for obtaining information 
from single molecules or a small number of molecules about the 
nature of said molecules as well as information about their 
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fitness with respect to a particular interactional function or 
about the populations of different states of a luminophore which 
are defined with respect to one molecule. 

To date, the method of fluorescence correlation spectroscopy as 
pursued by the groups of D. Magde (El son, E.L. & Magde, D. 
(1974) Fluorescence correlation spectroscopy; Concept ional basis 
and theory; Biopolymers 13, 1-27) and R. Rigler (Ehrenberg, M. 
& Rigler, R. (1974) Rotational Brownian motion and fluorescence 
intensity fluctuations; Chem. Phys . 4, 390-401) for nearly 
twenty years could not be technically incorporated into a prac- 
ticable analytical method without difficulty. It has not been 
possible to meet the above mentioned requirements with respect 
of measuring times and the light induced bleaching (photobleach- 
ing) of the dyes. Rigler et al . were able to determine rotation- 
al times of molecules. Magde et al . were able to determine some 
chemical reaction constants through fluctuation times. 

The principle of measurement of FCS is to measure f luorophorous 
molecules in extremely diluted solutions (<; 10 nM) by exposing 
a relatively small volume element of the solution to the intense 
exciting light of a laser. Only the molecules having a corre- 
sponding exciting spectrum which are present in this same volume 
are excited by the light. Then, an image of the emitted fluores- 
cence from this volume element can be formed on a photomulti- 
plier with high sensitivity. If the solutions are diluted, sig- 
nificant variations of the concentration of the molecules pres- 
ent in the respective volume element will arise. 

In particular, very diluted solutions will exhibit a Poisson 
distribution of the number of molecules which are simultaneously 
present within the volume element in a certain period of time. 
A molecule which has once diffused into the volume element will 
leave the volume element again within an average yet character- 
istic, for this type of molecule, period of time according to 
its characteristic diffusion rate (translational) and hence will 
not be observable any longer. 
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Now, if the luminescence of one and the same molecule can be 
excited many times during its average dwelling time within the 
respective observation element, many luminescence signals from 
this molecule can be detected. In other words, the probability 
that a molecule which has once diffused into the observation 
element can be excited once more before it will leave the volume 
element again is much greater in diluted solutions than would be 
true for a freshly entering molecule. Though this means that 
with a correspondingly great possibility the corresponding lum- 
inescence signal comes from one and the same molecule rather 
than from a molecule which has freshly entered the element . 
Hence, a correlation between the change with time of the incom- 
ing emission signals and the relative diffusion times of the 
molecular species involved can be established. 

If the rotation of the polarization plane of exciting light and 
emitted light is measured as a further parameter, then the 
rotational diffusion coefficient of the molecules involved from 
which conclusions about molecular weight, shape parameters or 
the. surrounding matrix can be obtained may also be determined. 

It becomes evident that it is even possible to detect single 
molecules in diluted solutions by exciting one and the same 
molecule very often (several thousand times) and accumulating 
the corresponding luminescence signal from many single measure- 
ments . 

The realization of this measuring principle in practice was 
impeded by many technical difficulties. Although modern laser 
technology was employed, the observation element was so large 
that biologically interesting molecules having low translational 
diffusion coefficients were present in the observation element 
during a period whose order of magnitude was about 50 ms . Such 
a period is significantly too large since it causes strong 
bleaching of the r espective dye licran ds employed serving as the 
luminophore . Frequent excitation increases the chemical reactiv- 
ity of the luminophorous structure towards molecules of the en- 
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v i r onme n t n._p ar^t A c u la r„oxy ge n-,-whe re -by —the "l"uminescen'ce"~rs*"al - 
t e r e,d,„o r-que nche d-. Of course , photobleaching also leads directly 
uo false me a s.u r i ng__ da t a , since loss of J^umj.r^escence (fluores- 
cence) simulates the molecule's leaving the measuring element 
and a distinction by standardizing the measuring method is hard- 
ly possible or can only be attained by unduly great technical 
expenditure . 

To date, the wide practical realization of this measuring prin- 
ciple in a generally applicable method was hence restricted to 
within narrow limits which will be overcome, however, by the 
method according to the invention. 

The critical breakthrough on the way to a routine method for the 
tasks of FCS as defined above according to the invention is ach- 
ieved by the introduction of ultrasmall measuring volumes (pref- 
erably lCTj 1 ; 4 - 10" 17 1), with, total volumes of the sampl^SeTng "in 
the jxl-range, the realization of which requires the simultaneous 
use, according to the invention, of particular elements of 
excitation optics, single photon detection and sample handling. 
The measuring volume of the device described in the experimental 
layouts is 2 x 10" 16 1 which is about 1000 times as small as the 
measuring volumes described in the literature. Hence, the illum- 
inated area has an approximate dimension of 0.1 /xm 2 . Supposing 
that FCS provides correct data in particular for a concentration 
of chromophorous molecules of 0.1-10 molecules per measuring 
element volume, the working concentration will be about 10~ 7 -10" 9 
M. Measurements with maximum detection efficiency and background 
discrimination can be technically realized by using confocal 
optics with high apertures in combination with single photon 
detection . 

Binding ■ constants can then be determined through translat ional 
diffusion if reaction time is slow compared with diffusion time. 
That means that a ligand which is to be observed does not change* 
or changes but hardly its molecular structure during its enter- 
ing into the measuring compartment and its leaving the same. 
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Otherwise only a correlation is measured describing the mixed 
state. Here again, the importance of the method according to the 
invention using very small measuring volumes becomes evident, 
since the dwelling time of a molecule is about 1000 times shor- 
ter than with conventional compartments and hence opens up the 
usual dimensions of equilibrium constants and rate constants of 
specific biological recognition reactions, for example ligand/ 
receptor interactions, for measurement. 

1* The significance of the small volume elements according to 
the invention 

According to the invention, the significance of the small volume 
elements for the performance of the methods according to the 
invention and . the uses thereof has different, experimentally 
distinguishable aspects . 

The significance of the small volume elements should be seen 
under the following aspects: 

background scattered radiation, especially Raman radiation, 
life of fluorescence dyes under light exposure, 
short measuring times, 

diffusion times of macromolecular complexes, viruses, 
cells, 

integrity/preservation of the complexes not present in the 
volume element, and 

life of complexes during measurement. 

From the below explanations, it becomes evident that several 
parameters have positive effects in the sense desired according 
to the invention at the same time in realizing small volume ele- 
ments and, through a cumulative effect, have resulted, according 
to the invention, in the non- linear/exponential improvement of 
the methodology which has made the solution of the problem 
according to the invention at all possible. 
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A signal-to-noise ratio of 1000 necessary for the measurement of 
single molecules is attained by small volume elements in the fl- 
and sub-f 1-regions . The deterioration of this ratio follows the 
third power of the increased radius of the measuring volume 
(r 3 ) . This behaviour was completely neglected in earlier exper- 
imental approaches in which a laser beam illuminated the volume 
of a long column and virtually only diffusion in two dimensions 
out of the beam was analyzed. 

If a larger volume is nevertheless to be analyzed for reasons of 
measurement technique, then many small volume elements according 
to the invention can be measured in parallel by multiarray det- 
ection and/or different small space elements with distinct space 
coordinates can be measured in succession. The characteristics 
of the signal-to-noise ratio is maintained therein for each 
Gaussian space element as measuring volume. According to the in- 
vention, each and every space element is preferably illuminated 
confocally with prefocused exciting light as in a single meas- 
urement of one space element and an image of the space element 
is formed in the object plane by a pinhole aperture. 

The methodological breakthrough of the technology to the safe 
identification and measurement of single molecules and the 
possibility of counting single molecules which is necessary for 
determining equilibrium constants through the number of complex- 
ed and free ligands in the measuring volume over a particular 
measuring period was accomplished by using measuring volumes of 
£ 10" 14 1. This has become possible by employing, according to 
the invention, pinhole apertures with diameters «s 100 fim, pref- 
erably with diameters <; 20 to 30 /xm, as well as by employing a 
prefocused laser excitation. With pinhole apertures of this dim- 
ension located in the object plane, a diameter of the Gaussian 
measuring volume of 0.3 3 /xm to 0.5 /xm can be reached at 60 -fold 
magnification. If optics with a different image scale are em- 
ployed, correspondingly adapted pinhole apertures must be used. 
For free rhodamine, this means an average time for the diffusion 
out of the measuring volume of about 4 0 /xs , whereas according to 
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the prior art 750 (jls are realized. At the same time it must be 
said, however, that a reduction of the radius of the Gaussian 
measuring volume by a factor > 10 is not appropriate since the 
more than 1000 times smaller dwelling probability of a molecule 
in the measuring volume which is reduced by more than 1000 -fold 
would lead to unacceptably long measuring times. Thus, the op- 
timum of the presented method according to the invention cor- 
responds to realized measuring volumes V of from 10" 14 to 
s> 10" 17 1. Anyway, with visible light the reduced size of the 
space element cannot be further reduced largely due to the diff- 
raction properties of the light. This could be circumvented, 
however, by using X-ray radiation according to the invention in 
case nuclear fluorescences are excited in order to generate 
measuring signals. 

Under the aspects, 

that the measuring times be within a range (ms to sec) 
acceptable for practical applications, 

that the signal-to-noise ratio be significantly > 1 and 

especially within the range of 100 to 1,000, and 

that the average times of diffusion of smaller molecules, 

molecular complexes, or molecular fragments (through the 

measuring volume) do not become too large, lest they be 

destroyed by exposition to the radiation designated for 

excitation, 

an optimum Gaussian measuring volume of <; 10" 14 1 and especially 
<s 10" 17 1 results. 

The signal-to-noise ratio's being quite high is accounted for, 
in addition to the fact that the measuring volume is small, 
preferably by appropriate filters being employed. For conve- 
nience, these optical filters are interference band filters to 
suppress Raman scattered light and/or Raman cut-off filters 
which "cut off" scattered light closely by the wavelength of the 
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radiation designated for excitation, with optical densities of 
10" 7 corresponding to a suppression factor of 10 7 . 

For the method . according to the invention and the device for 
fluorescence spectroscopy of single molecules, molecular com- 
plexes and/or molecular fragments according to the invention, it 
i^^jrifeteal^_.in. additio n to thg ^xtxemely^.sharp-..f.ocus.ing^Qf the 

radiat ionjiesi,gnated~-f or-^exaitation - that Jthere b.e^a_jCjon±oc.ally 

located pinhole aperture having an extremely small orifice in 
the beam path of the radiation resulting from excitation. The 
size of the orifice of the pinhole aperture in the object plane 
is selected depending on the image scale and the size of the 
measuring volume to be imaged in the object plane. With an image 
scale of 40 (100) and a radius of the measuring volume of «s 0.1 
/xm, a radius of the pinhole aperture of 4 /xm (10 /xm) will result 
as a lower limit . 

Background scattered radiation, especially Raman radiation 

The more intense the exciting laser beam passing through the 
sample and the larger the volume element imaged on the single 
photon detector, the less intense is the radiation scattered by 
molecules and solids present in the sample that will reach the 
detector, that is to say it is more easily discriminated from 
the sought signal by autocorrelation. 

According to the invention, a single rhodamin molecule is meas- 
ured with a signal-to-noise ratio of 1000 in a space element of 
0.2 fl, if the Raman band of water is suppressed by conventional 
filters. Prior measurements without using such small space elem- 
ents could realize signal-to-noise ratios of only 10" 3 . 

Life of fluorescence dyes under light exposure 

The fluorescence dyes which are biologically applicable accord- 
ing to the invention have only a limited life. Dyes such as 
fluorescein are even significantly more light sensitive. For the 
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precise measurement of average dwelling times, especially of 
large complexes, however, the dye will be excited about 10,000 
to 1,000,000 times before the molecule will have left the 
measuring volume again. Each premature bleaching deteriorates 
the measuring result since premature bleaching simulates too 
large a translational coefficient (a smaller molecule) . 

Diffusion times of macromolecular complexes, viruses, cells - 
short measuring times 

Particularly large molecular complexes, viruses or cells have 
extremely small translational diffusion coefficients. In the 
small volumes according to the invention, viruses and cells can 
even be handled without significant bleaching of coupled dye 
labels which have diffusion coefficients of about 10" 8 cm 2 /s for 
free M13 DNA and about 5 x 10" 9 cm 2 /s for an E . coli bacterium. 
The dwelling time of a bacterium in the measuring volume is 
about 3 0 ms . Larger measuring volumes, which have been the only 
possible ones this far, will result in unacceptably long 
measuring times until those large complexes will have left the 
measuring element again through translational diffusion. 

Integrity/preservation of the complexes not present in the 
volume element 

A statistical probability exists, that a dye will react out of 
the excited state by some chemical reaction and hence bleach. If 
this happens through light from outside the measuring volume, 
then the measurement should not be affected since an inactivated 
dye will not provide any signal at all and hence would not con- 
tribute to the measurement. However, the quality of the method 
is drastically limited by the fact that the effective concentra- 
tion of measurable molecules and molecular complexes is de- 
creased by premature bleaching of dye- labeled molecules which 
are still outside the measuring volume and hence the sensitivity 
is affected. Those negative effects will become quite bothersome 
if the laser beam is not focused to a maximum extent and if the 
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label molecule is provided with several dye molecules according 
to a preferred embodiment of the invention, an undeterminable 
portion of which has already been bleached by prior light ex- 
posure . 

Life of complexes during measurement 

A complex of a target molecule to be detected and a labeled test 
reagent is detectable according to the invention only in the 
case that the complex remains stable throughout the measuring 
time. This would not be the case anymore with average complex 
dwelling times in large volume elements in the range of seconds, 
if the complexes themselves had a decay time in the range of 
seconds. This can thoroughly be the case with biologically 
relevant reactions such as metal ion complexations in which 
binding constants of 10 6 1-mol" 1 , for example, are relevant. The 
small volume elements according to the invention, however, mean 
so short average dwelling times (< 1 ms) that for virtually all 
interesting complexation reactions a complex will remain stable 
throughout its dwelling time in the measuring volume. 

Multiarray detection 

A multiarray detection according to the invention can be 
performed by a larger volume being illuminated in a non-optimal 
way with different volume elements being imaged separately on a 
multiarray detector, however, and the incoming photons being 
recorded and evaluated separately during a measurement. This is 
possible by using multiarray single photon detectors as commer- 
cially available. One drawback of this method is the fact that 
undesired irradiation will result in significant photoinactivat - 
ion outside the measuring volumes. In a multiarray detection, 
that is in the parallel FCS analysis of measuring volumes of 
different space coordinates or in successive FCS analyses of 
measuring volumes of different space coordinates, it is not 
advantageous, in the sense of what has just been said, that a 
relatively large volume element be illuminated in an experimen- 
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tal array while the measurement of the small space elements is 
performed by simultaneous imaging, measuring and evaluating 
small space elements arranged in a 2D pattern. In this experi- 
mental proceeding (figure 24) , numerous chromophores will bleach 
already before having reached the measuring volume by diffusion. 

With lower concentrations, accordingly more volume elements will 
have to be measured. Since the average measuring time for one 
measurement ranges between 10 and 10 0 ms depending on the re- 
quired quality of measured data (signal-to-noise ratio) , from 
10,000 to 100,000 volume elements can be tested in 1000 s. 
Hence, extremely low concentrations of 10" 14 to 10~ 15 M can be 
measured. This also means that specific biological interactions 
with binding constants k ass s> 10 6 mol/1 up to k ass = 10 15 mol/1 
can be measured. 

One example demonstrates how binding constants or reaction rate 
constants may be measured using the technique according to the 
invention. The measurement of a binding equilibrium between 
reactants according to the invention is based on the fact that 
at least one reactant is preferably chemically coupled to at 
least one dye molecule and the rotational diffusion rate and/or 
the translational diffusion rate of the reactant will change 
during complex formation. If equilibrium constants are not 
directly compatible with the experimental condition of highly 
diluted solutions, that is to say, if low binding constants 
require higher reactant concentrations, this can be achieved, 
for example, by offering an excess of the non- labeled reactant 
or by adding an excess of unlabeled reactant to the labeled 
compound . 

The measurement of reaction kinetics through molecular fluctua- 
tion using FCS, as has been described by Magne, could not be 
carried out satisfactorily in the measuring compartments real- 
ized this far due to the long diffusion paths. With the measur- 
ing technique according to the invention, the determination of 
the dissociation rate constant of a complex is possible in a 
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range of from 10" 6 s" 1 up to about 10 3 s _1 , which range is 
particularly relevant for biochemical reactions. Such measure- 
ment can be performed, for instance, by interchange of fluores- 
cence labeled label molecules. 

The technique according to the invention also allows for the 
measurement of conformational changes in biological macromolec- 
ules as well as the determination of related thermodynamic and 
kinetic constants. Fluctuations of the structure can be det- 
ected, for instance, through measurement of rotational diffusion 
or through signal changes by so-called energy transfer (Forster 
transfer) . 

This method is applicable in DNA/RNA analysis as well (DNA/RNA 
analysis, see below) . In genetic analysis, particularly for the 
determination of infective pathogens, the sensitivity of the 
diagnostic method is often critical. This has become evident 
especially in recent years in connection with the introduction 
of enzyme-based methods for the amplification of genetic target 
sequences. It can be expected that by employing this method the 
necessity of a preliminary enzyme-based amplification can be 
avoided for several diagnostic methods, whereby problems of 
contamination with strongly amplified single sequences can be 
circumvented, for example. 

The method can also be used instead of the known diagnostic 
methods of RIA, ELISA or other methods (see below, receptor 
screening) . One particular advantage of the method according to 
the invention may be seen in the fact that the system is self- 
calibrating. Establishments of calibration curves or internal 
standardization need not to be done. Each experiment obtains its 
internal calibration from the determination of the molecules 
considered. For instance, variations of laser intensity will not 
affect the accuracy of measurement. A problem of drifting with 
successive measurements does not emerge. Measurements can be 
repeated at different times without renewed calibration yielding 
the same results. Calibration of the devices can be omitted. 
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One preferred application are assays without participation of 
antibodies as test reagents or for substitution in conventional 
assay methods which have been based on ELISA, RIA or FIA using 
antibodies. Considered are all assays employing other molecules 
in addition to antibodies as specifically recognizing molecules 
(receptor molecules, test reagents) in order to recognize par- 
ticular target molecules (ligands) . In general, possible recep- 
tor molecules, in addition to antibodies, are all molecules or 
molecular complexes which have specific recognition sites on 
their surfaces (e.g. antibodies, single-strand antibodies, mem- 
brane receptors, soluble receptors, enzymes, structural pro- 
teins, polysaccharides, peptides, complex secondary metabolites , 
etc.) or contain specific recognition sites for target molecules 
inside (e.g. HDL, VLDL, LDL) . 

If the formation of a specific complex between a receptor and 
one or more ligands in the general form is of analytical inter- 
est and/or if at least one of the involved molecules can be pro- 
vided with at least one dye label and the complex formation bec- 
omes evident through change of rotational diffusion and/or 
translational diffusion of the dye label, then an FCS assay can 
be performed. Similar thermodynamic regularities with respect to 
an advantageous embodiment will apply thereto as apply to the 
corresponding assays of the ELISA, EIA, RIA or FIA types (see 
figures 1 , 2 ) . 

The performance of the method according to the invention becomes 
evident in particular when compared to technologies presently 
being in the market. A well introduced method is the so-called 

FPIA L _technology of ABBOTT, Chicago, using _the so- .called _TDX 

system for the_xela£ed"'itt'stfumerits7' Here-,- — fe-he^depolarization of 
-fluorescence labeled molecules is determined in homogeneous 
assays . 

Depolarization of the emitted light of a fluorescence dye 
following excitation with polarized light is a property, which 
primarily depends on the molecular weight of the molecule /^if) it s 
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shape parameters. A relatively small molecule will rotate more 
frequently within the period between excitation and emission of 
the fluorescent light than a significantly larger molecule would 
which results in a correspondingly stronger depolarization of 
the emitted light. This effect is made use of as small fluores- 
cence labeled molecules compete with unlabeled target molecules 
for e.g. antibody binding sites. Fluorescence depolarization 
will then provide information about the relative portion of the 
labeled molecules bound in the complex. However, this method 
evidently does not reach the desired detection limits. The 
manufacturer herself gives a lower detection sensitivity of 10" 9 
M. The method according to the invention is more sensitive than 
this by more than two orders of magnitude even without optimiza- 
tion. This is true when the FPIA kits are used according to the 
invention. By using more sensitive dyes, additional orders of 
magnitude of increased sensitivity may still be attained. This 
is very important e.g. in drug diagnostics. 

The method according to the invention exhibits its superiority 1 
particularly in a quantified assay and in quality depending on 
varying sample conditions. The degree of fluorescence depolar- 
ization depends on the conditions viscosity/temperature of the 
medium. With increasing viscosity, the degree of fluorescence 
depolarization of all molecules decreases due to lower rotation- 
al diffusion coefficients and immediately affects the results. 
Similarly interfering effects can cause*cjT ^conditions of the 
medium affecting the life of the excited state. Prolonged life 
will, simulate an increased fluorescence depolarization. In the 
method of measuring the translat ional diffusion according to the 
invention, however, those effects do not adversely affect the 
quality of the results. In practice, this means a significantly 
smaller expenditure in sample preparation and scaling of the 
method and a notably larger range of dynamic measuring width. 
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2 . The significance of reaction rate for complex formation 

As in the case of nucleic acid reassociation (see below) , with 
other specific recognition reactions the association rate can 
also be so slow that a homogeneous assay based on this recogni- 
tion reaction ^xst^ not practicable. Whereas in inhomogeneous 
assays reactants are often offered in excess, for instance when 
working with labeled antibodies, in order to increase the reac- 
tion rate of the specific complex formation and the excess of 
reactants not bound to the complex is removed in a subsequent 
step, this cannot easily be done in homogeneous assays. 

This problem shall be illustrated by means of an example: The 
detection according to the invention allows for the determin- 
ation of concentrations of compounds labeled with fluorescent 
dye in the range of <. 10~ 15 M. If a fluorescence labeled spec- 
ific test reagent is employed for a target molecule or a molec- 
ular complex, at least three requirements must be met: 1. The 
difference in size between the fluorescence labeled molecule not 
bound to the complex and bound fluorescence labeled molecule 
must be larger by a factor of about 2 in terms of diffusion con- 
stant in order to be readily detectable through the different 
translational diffusions; 2. the binding constant must be suf- 
ficiently large to complex the target molecule, 3. the reaction 
rate of the association must be Sufficiently large to realize 
complex formation within an experimentally acceptable period of 
time ranging from minutes up to hours at most. 

If one complexed target molecule among 100 molecules of the test 
reagent not bound to the complex can be detected, then according 
to the invention a concentration of 10" 13 M of test reagent can 
be employed to detect a formed complex of 10" 15 M. In the equi- 
librium, complex formation can take place efficiently, if the 
corresponding association constant k ass for the bimolecular re- 
action is at least 10 13 IVT 1 . Such high binding constants will 
occur only rarely with biological molecules such as proteins . 
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The binding constants of antibodies usually are in the range of 
10 6 to 10 10 M" 1 . 

The reaction rate constants of antibodies for the bimolecular 
complexation reaction hardly exceed the range of k ass = 10 7 
M" 1 s" 1 . The difference in the binding constants principally 
results from the differences in dissociation rate constants k disg 
of the complexes which often range between 10 and 10" 3 s" 1 . For 
the case discussed above, however, a rate constant of K ass = 10 7 
Mol'^-s' 1 means that the half life of association would be around 
1000 s already if concentrations of 10" 10 M of test reagent were 
employed . 

According to the invention, several alternatives arise to make 
use of the sensitivity of the optical detection reaction, being 
10 " 15 M for a homogeneous assay, for the recognition reaction 
despite of lower binding constants. 

The effective association rate can often be changed dramatically 
by alteration of the reaction conditions. For nucleic acids it 
is described below how the association of complementary nucleic 
acid sequences can be accelerated by 10,000 to 100,000 times. 
Recognition reactions of sequence motifs on long- stranded DNA 
proceed faster than could be achieved by pure diffusion control. 
Probably, the rate-determining step is the arrival of the prot- 
ein factor at the DNA followed by a fast one-dimensional diffus- 
ion step along the DNA to the actual site of binding. 

An acceleration can in general be achieved by shortening the 
diffusion pathways of the rate-determining step of association. 
This is done, in a rather trivial way, by concentrating the 
reaction mixture. 

According to the invention, the conditions of the medium are 
varied in the homogeneous assay such that the effective dwelling 
space of the reacting molecules is reduced without reducing the 
sample volume as such. According to the invention, this can be 
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done, for instance, by additives such as poly (ethylene glycol) s, 
dextrane, polyvinylpyrrolidon, chaotropic reagents, organic 
solvents or combinations thereof which primarily affect the 
structure of the hydrate water coats. According to the inven- 
tion, aqueous two-phase systems may also be used to enrich the 
reactants selectively in one of the phases. 

Another possibility is the use of excess components of the 
labeled reactant. If two dye-labeled reactants are used, which 
can recognize and bind one analyte jointly, so-called energy 
transfer complexes can be formed. One dye label serves as an 
acceptor of the exciting light whose emitted fluorescence light 
will excite the closely neighboring second dye molecule (10-100 
A) which will then emit light detected as the measuring signal 
according to the invention. Because the efficiency of energy 
transfer decreases with the sixth power of the dyes' distance, 
the reactants can be used in excess. The translational diffusion 
coefficient of the ternary complex is measured according to the 
invention . 

The use of the dye -labeled test reagent as an excess component 
is also possible according to the invention, if the uncomplexed 
test reagent can be modified chemically or by irradiation with 
respect to its spectroscopic properties such that it becomes 
spectroscopically distinct from the complex. This is possible, 
for instance, in the case of intercalating dyes. 

The concentration by means of an electric trap according to the 
invention is described somewhere else in the specification. 

If complex formation only weakly contributes to a change in 
molecular weight and/or shape of a test reagent, such as, for 
instance, in the use of a labeled antibody against a small 
ligand, then the use of a second antibody in excess which is 
directed against the complex according to the invention can 
render the produced ternary complex detectable according to the 
invention. 



According to the invention, at least two different test reagents 
with at least two different dye labels, which are able to react 
with at least one target molecule wherein the fluorescence sig- 
nals of at least two dyes are measured according to the inven- 
tion, can also be used. This method can be employed in two ways. 

a) Parallel determination of at least two different analytes in 
a sample . 

The experimental problem frequently arises to detect several 
analytes together in one sample. Instead of two independant 
assays, detection of at least two different analytes can also be 
performed independantly according to the invention by reaction 
of two independant test reagents which are labeled with at least 
two independant and different dyes and preferably can either be 
excited with light of different wavelengths or independantly 
detected by light of different emitted wavelengths. This can be 
achieved, for example, by using two independant optical systems 
such as those schematically outlined e.g. in figure 16. 

3 • Cross correlation 

b) Increasing detection specificity by simultaneous binding of 
at least two test reagents to one analyte . 

Some analytes can be differentiated only with unsatisfying spec- 
ificity from similar analyte molecules by binding one test reag- 
ent. These may be exemplified by homologous nucleic acid sequen- 
ces which can be dramatically different with respect to their 
biological activities, such as e.g. their own pathogenicity or 
the pathogenicity of their products. Proteins, such as tumor 
antigens, structural proteins, or cell-type specific surface 
markers, can also be analyzed but unsatisfactorily by binding 
just one ligand. 

According to the invention, a particular molecule can be com- 
plexed simultaneously with at least two test reagents which are 
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labeled each with at least two optically distinctive fluorescent 
molecules. According to the invention, the simultaneous complex 
formation can be detected either specifically through formation 
of an energy transfer complex (Forster transfer, see above) or 
through correlation of the signals of excitation and/or emission 
having different wavelengths. Binding of different test reagents 
to one analyte is proven by time correlation of the distinct 
optical signals. 

The double complexing of an analyte with two differently labeled 
test reagents not only has the advantage of increased specifici- 
ty, as discussed above, but also the practical advantage that 
higher concentrations of each individual reagent can be used. By 
means of time cross correlation of the fluorescence signals det- 
ected according to the invention, the signals of the uncorrelat- 
ed free test reagents can be efficiently suppressed at the level 
of electronic signal processing. This method can be used espec- 
ially well with nucleic acid analytes by employing at least two 
differently labeled test reagents which will bind to different 
sequence segments of the analyte. The emitted wavelengths of the 
respective fluorescences of the different dyes are distinct. In- 
stead of the sole autocorrelation of the detected signals, which 
is otherwise usually measured, cross correlation of the signals 
of different wavelengths is measured according to the invention. 
If both probes are simultaneously bound to the target analyte, 
then cross correlation will yield the number of molecules and 
the diffusion time of the doubly labeled nucleic acid segment. 
Probe molecules which are not bound are visible in autocorrelat- 
ion, whereas their signals are suppressed in cross correlation. 

4 . Method and device for performing fluorescence correlation 
microscopy 

Thus, cross correlation of fluorescence signals of different 
dyes chemically linked or physically associated with a molecule 
or molecular complex can be used to increase sensitivity and 
enhance specificity according to the invention. To perform the 
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experiments in an optimum way, however, several requirements 
must be met which can be achieved to particular advantage by the 
method according to the invention presented herein in the 
following as well as by a related device. 

The method according to the invention pertains to the combina-1 
tion of the method of cross correlation with fluorescence cor-l 
relation spectroscopy using small measuring volume elements. 
This method must be clearly differentiated from such correlation 
methods as employed e.g. in FACS analysis (fluorescence activat- 
ed cell sorting) . Several optical parameters derived from a 
large complex such as a cell are also measured simultaneously 
therein, e.g. the forward light scattering in combination with 
a fluorescence signal or the simultaneous measurement of dis- 
tinct fluorescence signals. In the cell sorter, the signals of 
single droplets are measured in which single cells may be pres- 
ent. Therein, by correlation of signals to identify cell types 
and subtypes is only meant the intensity distribution of differ- ' 
ent signals which is detected integrally throughout the droplet. 
Correlation is considered therein only to mean the parallel de- 
tection of several parameters with respect to their individual 
intensity. The method described herein time- links two stochastic 
processes, the diffusion characteristics of different chromo- 
phores in a small space element. On the level of a cell, this 
means virtually that the method according to the invention is 
able to distinguish between different molecules bearing a chro- 
mophore and being present in the measuring volume whereas in the 
cell sorter, the concentration of this chromophore is determined 
integrally in the droplet, irrespective of whether it is part of 
a small molecule or it occurs in a complex or bound to a cell. 

Cross correlation in connection with FCS analysis is intended to 
mean the following methodology: A volume element is illuminated 
by a laser beam or X-ray beam which is as strongly focused as 
possible. The intensity of the electromagnetic radiation is 
chosen so high that a large percentage of molecules that can be 
excited by the radiation exist in the excited state. The fluor- 
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escent light emitted by them is detected by confocal imaging by 
means of a pinhole aperture in a single photon measuring device 
so that only a small volume element of the elongated cone of 
light is measured. When a molecule migrates into said volume 
element by diffusion, it is excited and measured through the 
emitted light as long as it remains inside this measuring volume 
element. The average dwelling time is characteristic for the 
size and shape of a molecule, a molecular complex, or a cell. 

In this way, molecules being present at different concentrations 
can be distinguished or simultaneously counted by correlation 
spectroscopy. For instance, binding constants for complex 
formations of e.g. receptor/ligand interactions or kinetic con- 
stants such as decay rates of such complexes can be determined 
in this way. The method will yield optimum results if particu- 
larly few molecules with fluorescent properties are present in 
the volume element per unit of time. This is the case for con- 
centrations in the range of 10~ 9 and below. Conversely, however, 
the problem arises that complex formation with a second reactant 
will not proceed any faster than by 10 7 /s. For equimolar concen- 
trations for two reactants of 10" 9 M, this means a reaction time 
of more than one minute. Shortening of the reaction time can be 
achieved, for instance, by using an excess of the fluorescence 
labeled reactant. With a reactant concentration of 10~ 9 M, com- 
plexes with target molecules with a concentration of 10" 12 M can 
be detected in this way after minutes of reaction time. With 
lower concentrations, the signal-to-signal ratios of complex and 
free ligand become too high to allow for reliable concentration 
measurements. Another experimental problem arises if the binding 
constant of a complex to be measured is not high enough to em- 
ploy ligand concentrations of «s 10" 9 . Virus antigens, nucleic 
acids of pathogens, or certain hormones, however, have to be 
detected in concentrations which are significantly smaller than 
10~ 9 M. A typical application field is the diagnostics of tumor 
antigens through monoclonal antibodies which often have a low 
binding constant as well as not too high a specificity in dis- 
tinguishing the tumor antigens of a dedifferentiated cell from 
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the antigens of the respective differentiated cell. Cross cor- 
relation using two different chromophores allows to increase 
sensitivity and specificity in the sense discussed above. 

At least three chromophore bearing molecules or molecular com- 
plexes need to be distinguished experimentally: free ligand with 
chromophore 1, free ligand with chromophore 2, complex with 
chromophore 1, complex with chromophore 2, and complex with 
chromophore 1 and chromophore 2 . Only a complex bearing both 
chromophore 1 and chromophore 2 throughout the period during 
which the complex is present within the measuring volume is 
indicative of a target molecule to be detected such as a tumor 
antigen or a pathogen, such as a virus, or a related DNA or RNA. 

Now, in cross correlation the signals of chromophore 1 and 
chromophore 2 are correlated. Only in the case that a molecular 
complex is excited in which in one and the same window of time, 
wherein the molecular complex is present within the measuring 
volume, both types of chromophore are detected, these signals 
are assigned to a complex bearing both chromophores. 

Critical requirements for a successful cross correlation are: 

The distance between chromophores 1 and 2 on the target 
molecule must be small compared with the dimensions of the 
measuring volume, so that both dyes are hit by the exciting 
light simultaneously within the error limits of the meas- 
urement, when they enter the measuring volume and leave it 
again (distance in the complex < 0.1 fim) . 

The measuring volume must have the same dimensions for both 
dyes, so that both dyes, when linked to one another, are in 
contact with the respective exciting light within an iden- 
tical window of time. 

Both measuring volumes must have the same space coordinates 
within the error limits of measurement. 
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Solving this problem is in no way trivial. For instance, one 
problem is the fact that light of different wavelengths will 
result in different image sizes due to different refractive in- 
dices, as is well known. It would be disastrous to the measure- 
ment, however, if two lasers with different wavelengths illum- 
inated unequally sized volume elements due to unequal focusing, 
or if detecting on the photo multiplier covered different meas- 
uring volumes . 

According to the invention, this problem is solved either by 
using only one laser with one exciting wavelength in connection 
with the use of two dyes with strongly overlapping exciting 
spectra which can be distinguished, however, by the so-called 
Stoke shifts of at least two emitted wavelengths. Alternatively, 
volume elements having identical space coordinates are illumi- 
nated by two independant laser light sources. For convenience, 
the optics of confocal imaging is color compensated in both 
cases, i.e. corrected for both emitted wavelengths, so that one 
and the same space element is measured for both wavelengths. 

According to the invention, imaging optics which is conventional 
in microscopy is used for imaging the fluorescent light of dif- 
ferent wavelengths which will image light of different wave- 
lengths with identical scaling. For the performance of the 
method according to the invention it is also critical, however, 
that space elements of identical size, identical intensity prof- 
ile, and identical space coordinates be illuminated for both 
wavelengths. This is achieved by using, according to the inven- 
tion, a device on the side of excitation optics in which both 
laser beams are prefocused before entering the sample wherein 
either two fixedly adjusted optics having different magnifica- 
tion values are employed so that, as a result, both wavelengths 
are prefocused with the same dimensions and geometry of the 
beam, or el^e_a_de^.ice--"wi"th"""Tixedly ad^just'ed'-pre-focusing optics 



is used, that is in combination with a variable beam expander 
for the second beam path or by employing variably adjustable 
beam expanders for prefocusing in both beam paths. 
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For convenience, the device is realized as a compact double 
microscope whose two objective lens arrays, oriented to two 
opposing sides of the measuring compartment to be illuminated, 
can be shifted along their optical axes. The optics for the 
incident light beams and for the light beams emitted by the 
molecules, molecular complexes, vesicles, or cells of the 
measuring compartment are arranged on two sides of a common 
guiding or supporting device for each "moiety" of the .double 
microscope. Each of the incoming light beams are deflected 
towards the objective lenses by dichroic mirrors. The returning 
light beams penetrate these dichroic mirrors rectilinearly to 
hit a detector after having passed diverse optical elements, 
such as lenses, confocal elements, and filter devices. 

For convenience, 'the optical axis of the light beams impinging 
on the dichroic mirrors is oriented perpendicular to the shif- 
ting direction of the two objective lenses. The two light beams 
of different wavelengths, superimposed, impinge on mirrors loc- 
ated one behind the other, the first of which in the beam path 
is a dichroic mirror. One of the two light beams is deflected by 
this dichroic mirror whereas the other rectilinearly penetrates 
this dichroic mirror to be deflected by the reflecting mirror 
behind in the direction opposite to that of the first light 
beam. The deflection directions of both light beams are parallel 
to the shifting direction of the objective lenses. The deflected 
light beams are again deflected by reflecting or dichroic mir- 
rors to pass through the optics for the incoming light beams. 
This arrangement of the optical elements of the double micro- 
scope has the advantage that the two objective lenses along with 
the optics for the light impinging on the measuring compartment 
and proceeding therefrom can be displaced without the need to 
displace or shift the light generation sources along with them. 
The light generation sources which are, in particular, laser 
sources, can be positioned remote from the double microscope; 
only the relative position between the light generation sources 
and the site of the double microscope where the two light beams 
are superimposed and fed in must not change . 
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The device can also be employed in the case when it is necessary 
to cover fluorescence signals from the measuring volume over the 
total 4tt solid angle. In particular, this may be the case when 
it is critical to cover all emitted photons in the detection of 
one single molecule. In this case the device described would be 
used in such a way that only one exciting wavelength is employed 
and both detecting optics together cover the total 4tt solid 



Figure illustrates a receptor assay for related effector mol- 
ecules using receptor bearing cells wherein the receptors have 
specific binding properties as to a ligand L. The ligand is 
provided with a dye label according to the invention. According 
to the invention, the molar ratio and the total concentrations 
of receptors and ligand are selected to advantage such that 
about 50% of the receptors are occupied and about 50% of the 
ligands remain unbound. In the analysis according to the inven- 
tion, this can be seen by the fact that about the same number of 
emitted light signals are detected from molecules with fast 
translational diffusion as are detected from molecules with slow 
translational diffusion (schematic drawing on the upper right; 
the step on the left corresponds to the free ligand, the step on 
the right corresponds to the receptor bound ligand) . 

When a potential active substance is added, a shift of the equi- 
librium indicates interaction of the candidate active substance 
with the specific receptor binding. In the case of an antagonis- 
tic activator or blocker of the receptor function, displacement 
of the labeled ligand will be observed (the signal only corre- 
sponds to that of the free ligand) . The same signal can be ob- 
tained if an allosteric interaction of the active substance with 
the receptor or with the ligand prevents binding of the labeled 
ligand . 

In an analogous way, a potential active substance can also en- 
hance binding of a ligand to the receptor so that measurement of 
bound ligand will be increased (lower right) . 
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The assay can also be performed in the case that the cell bears 
more receptors which do not interfere with the specific reaction 
observed. 

If the equilibrium in a receptor recognition reaction is not 
quickly reached, it may be of advantage to make the labeled 
ligand and the potential active substance compete for the 
receptor simultaneously. 

Figure-^Z. describes the use of potentially different receptors on 
different cells which, however, will possibly recognize a 
defined natural ligand with the same specificity and binding 
strength, but will transmit different signals. Potential active 
substances could be of interest to selectively activate or block 
those receptors. This can be achieved with mutants/variants of 
the natural active substance as well as with active substances 
which are not structurally related. 

For instance, the assays for the respective target receptors are 
first performed separately. Here, the rules which are given in 
the legend of figure 1 will apply. A potential active substance 
is primarily assayed for interact ing^ ef f ec tively and speciiical - 
ly with one of the studied receptor bindings^and^_thus, f or allow- 
ing -fb separate different receptor functions (possible cases on 
the lower left) . With effects acting in the same direction, 
measuring results such as shown on the lower right can be found. 

As will be set forth in more detail below by means of specific 
examples, FCS assays according to the invention are especially 
prominent because they are not limited to antibody mediated 
specificity, are equally useful for molecular, cellular, tissul- 
ar systems in homogeneous or in solid phase assays, allow for 
the determination of thermodynamic parameters (binding con- 
stants) and kinetic parameters (rate constants) , allow for non- 
destructive investigations of living systems (cell cultures, 
tissue) , and unspecific interactions with surfaces do not inter- 
fere when analysis takes place in solution. 
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5. Screening of pharmacologically active substances through bin- 
ding of known fluorescence labeled ligands to unknown receptors 
which may be present on cells or on natural or artificial ves- 
icle structures 

Natural as well as chemically synthesized pharmacologically 
active substances exist the target molecules of which are not 
known. Those target molecules may be extracellular molecules 
(e.g. protease inhibitors), surface membrane receptors (e.g. 
insulin) , soluble mediator receptors (steroid hormone binding 
receptors), or cellular structural proteins, or enzymes. 

Hence, according to the invention the extremely important 
problem can be solved to find, characterize and optionally to 
isolate the pharmacologically important target molecule of a 
known active substance: 

search for orphan receptors 

revelation of the mechanisms of pharmacological action 
search for analogous active substances 

search for and distinction between different receptor mol- 
ecules, preferably in distinguishable biological targets 
(different cell differentiation, tumor/non-tumor, patholog- 
ical/non-pathological, etc.). 

Pharmacokinetics 

According to the invention, pharmacokinetic investigations may 
also be performed: 

after different intervals of time following administration 
of a particular active substance, tissue samples or body 
fluids can be analyzed in competitive experiments using 
freshly added dye-labeled comparative substance. 
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Distinguishing between target molecules of active substances 
through the dissociation rate constant of the complex 

If an excess of dye- labeled active substance is added to a mix- 
ture of different complexes between receptors and the active 
substance, then nearly each dissociated molecule of the active 
substance will be replaced by dye-labeled active substance. Op- 
tionally, the experiment may be carried out with reverse label- 
ing as well. For example, a typical problem is the analysis of 
different cell lines in order to detect distinct receptors (ex- 
ample: tumor surface antigens, protein P binding receptors type 
I, II, III) . Typically, a diagram such as that depicted in 
figure 19 will be found, if many samples are analyzed simulta- 
neously. According to the invention, large amounts of analyses 
are analyzed in an experiment simultaneously and/or repeatedly 
over a long period of time, when dissociation rate constants are 
slow, by analyzing the determination of the ratio of initially 
bound and dissociated active substance iteratively in all posit- 
ions after fixed intervals. Figure 19 contains a schematic 
drawing of the results. 

In this way, different receptors or antigenic determinants may 
be assayed, for example, which form complexes of different 
thermodynamic stability with a specific target molecule in one 
and the same sample or in different samples with e.g. different 
cell types or differentiation stages, whose dissociation rates 
(k D ) are drastically different while their reaction rates values 
(k R ) are often comparable. Thus, biological guiding structures 
for so-called orphan drugs or orphan receptors or members of 
multifunctional molecular families can be detected by means of 
functional assays . 

In practice, advantages in handling especially arise from the 
fact that working in homogeneous solution allows for very short 
incubation times for routine analyses in the nM range which are 
virtually no longer relevant (range of seconds to minutes) , and 
there are no extensive washing steps or secondary incubations. 
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As sample carriers, sheet -like carrier systems are preferably- 
used which make it possible, according to the invention, to 
approach the liquid sample close to the objective without con- 
tact and hence without contaminations (figure 3) . 

Figure illustrates the use of carrier sheets having wells 
thereon such as described or used, for instance, in the patent 
applications PCT/EP 89/01320, PCT/EP 89/01387, PCT/DE 91/00082, 
PCT/DE 91/00081, PCT/DE 91/00083, PCT/DE 91/00704. The reaction 
carriers, referred to as multi-well sheets, bear wells which can 
receive the samples for FCS analysis according to the invention. 
They are controlled by a two-dimensionally positionable sheet 
insertion device such that the bottom of the sample containing 
well is approached closely to the objective, so that the liquid 
sample volume is not further away from the edge of the objective 
than about 10 0 -10 0 0 /xm. H 2 0 is the preferred medium between 
sheet and objective, to which the correction of the objective is 
preferably related (see above) . The sheet is optically clear and 
chemically inert with respect to both the exciting light of the 
laser and the emitted light. In a preferred procedure, the 
sheets are sealed by a cover sheet. Sheets are preferred which 
have a distance between wells corresponding to the commercial 
microtitration format or Okasaki format, since automatic pipet- 
ting devices for those formats are available in the market in 
great numbers. Moreover, sheets as reaction carriers are low- 
polluting, easily disposed and can be filed space -savingly in 
the sealed state. 

6. Analysis of ionic molecules 

Charged molecules (cations and anions) can be analyzed specifi- 
cally within the measuring compartment of the method according 
to the invention by employing an "electric trap" . This can be 
done, for instance, by inducing a molecular flux through the 
measuring compartment wherein, with or without superimposing by 
a mechanically induced flux, an electric field causes concen- 
tration of particular ionic molecules in the observation com- 
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partment or a single molecule is transported into the compart- 
ment directedly. This can be achieved by a rectif ie^Hiield, e.g. 
between the outlet ends of two capillaries with a If iel/ strength 
in the range of about 1 V/l ^im. According to the invention, it 
can also be accomplished to make one or more trapped molecules 
oscillate in an alternating electrical field in the observation 
compartment as soon as they have entered this volume element 
(see below) . 

Technical description of the device according to the invention 
7 . Optics 

The method according to the invention can be performed techni- 
cally with microscope optics of high quality with respect to the 
image quality of the focus. In particular, the lens system 
before the emergence of the exciting light must be chromatically 
and spherically corrected. Preferably the system ^^flu^r 1 of the 
company Zeiss, Oberkochen, Germany having a high numerical aper- 
ture & 1.2 N.A. is used with or without cover glass or separat- 
ing coat. The operating distance is 0.17-0.9 mm. The objective 
is corrected for water and offers maximum numerical aperture 
with maximum operation distance. Oil immersion objectives are 
less suitable. According to the invention, the light quantity is 
limited by a confocal pinhole aperture in the object plane 
behind the microscope objective. 

8* Laser light source 

As laser light sources for wavelengths of > 200-1000 nm continu- 
ous lasers are preferably employed, especially lasers of the 
argon, krypton, helium-neon, helium- cadmium types as well as 
tunable diode lasers (red to infrared regions) , each with the 
possibility of frequency doubling. According to the invention, 
the use of pulsed high frequency lasers of s 10 MHz is also 
possible . 
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9. Laser intensity 

A laser intensity of 0.5 mW is already sufficiently high that a 
few percent of the dye molecules in the observation volume are 
excited. With a laser intensity of 5 mW, the percentage of ex- 
cited molecules is already 50%. Thus, further increase of the 
laser power does not appear appropriate for increasing the light 
efficiency. 

10. The luminophore 

Possible luminophores or fluorescent dyes apt to be coupled are 
a great number of fundamental dye structures as well as oligo- 
mers of those dyes as employed for a long time in fluorescence 
spectroscopic detecting methods. Preferred dyes are those which 
either do not themselves contribute to specific, interfering 
interactions with target molecules or are employed specifically 
making use of specific binding properties such as being capable 
of nucleic acid double-strand intercalation, as has been prop- 
osed in P 42 34 086.1 (Henco et al . ) . 



between about 30,000 and 100,000 with a quantum yield of 0.1-1. 

For example, dyes from the coumarin series, or rhodamine B 
derivatives with a high content of hydrophilic residues to 
prevent hydrophobic interactions, or dyes based on thiazole 
orange fundamental structures which are capable of intercalating 
in double -strands have proven to be suitable. 

For the measuring method according to the invention, resistance 
of the dyes to photobleaching (bleaching stability) is an impor- 
tant property. However, as has been mentioned earlier, it is no 
longer of outstanding importance for the performance of the 
measurement since measuring times have shortened by some orders 
of magnitude as compared with measuring compartments which are 




Preferably, the dyes employed have an absorption coefficient 
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about 1000 times larger when very small measuring volumes accor- 
ding to the invention are employed. 

11. Significance of the triplet state 

According to the invention, dyes are preferred which do not tend 
to form triplet states . 

When selecting dyes, it is of great importance to select those 
dyes which have a very low tendency to form triplet states . Each 
triplet state entered raises the probability of a chemical 
reaction, does not provide a signal or provides a signal with an 
undesired wavelength, and extends the period until the molecule 
is ready to be excited into the singlet state again. 

If dye multimers are employed for labeling, particularly those 
based on hydrophilic dyes such as certain coumarin derivatives, 
then measuring time can be shortened significantly. The larger 
number of individual measuring values has the result that less 
events of molecular passage through the measuring element must 
be pursued to obtain sufficient measuring accuracy. 

12 . Measuring compartments 

According to figure ,.4 , the measuring compartments must be 
approached to the emergence objective of the laser- focusing! 
optics at 100-1000 pun. In the simplest case, this is done by 
means of a drop hanging on the objective itself and containing 
the molecules to be analyzed. Such a measuring set-up can be 
used only for a few analyses since the risk of contamination 
between different samples is high. Techniques comparable to 
those of conventional microscopy with cover glass and oil immer- 
sion can be employed. The method according to the invention uses 
water immersion and very thin glass or plastics sheets to separ- 
ate the aqueous sample from the optics. The sheets can at the 
same time serve to seal the compartments underneath in the form 
of flat carriers or in the form of capillaries. 
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For the application of screening large numbers of samples, as 
occur' in experiments with evolutive optimization of biopolymers, 
membranes are also used which are chemically modified on the 
side directed to the sample. Preferred modifications are surface 
structures having specific binding properties, such as e.g. ion- 
exchange properties to fix nucleic acids, and/or specific bin- 
ding properties with respect to proteins, such as antibody coat- 
ing or coating with chelating agents, especially NTA (nitrilo- 
triacetic acid) or IDA (iminodiacetic acid) , to selectively fix 
recombinant proteins or peptides with binding oligopeptides, 
such as (His) 6 , which can be bound to surfaces through metal 
chelates with high binding constants (k ass ;> 10 10 ) in order to 
analyze them for their respective properties of interaction with 
target structures . 

13 . Molecular trap 

Another possibility for the described detection of single molec- 
ules in small volume elements is the use, according to the in- 
vention, of a molecular trap using an electric field, which 
shall be described later. This kind of analysis can be applied, 
however, only to molecules apt to interact with the electrical 
field, such as ionized molecules. 

14. Detection 

Detection of the measuring signals preferably takes place 
through the optics of a fluorescence microscope with single 
photon counting wherein an avalanche diode detector is prefera- 
bly used. For instance, the use of SPC-100 and SPC-200 of the 
manufacturer EG & G has proven to be appropriate. Signal anal- 
ysis is performed with a digital correlator or a multichannel 
counter MCS . 
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Method and application 

15. Characterization of molecules 

The correlation method directly reveals three characteristic 
molecular quantities: the number (N) , the translat ional diffu- 
sion coefficient D t , and the rotational diffusion coefficient 
D r . The latter two are a function of molecular size and shape 
(i.e. radius, shape and volume) and provide information about 
changes of the molecule, e.g. by enzyme cleaving or complexation 
with other ligands, etc. Because measurement of diffusion cor- 
related diffusion times can be performed quickly and with high 
sensitivity according to the invention, the method for analyzing 
molecular sizes and their distribution in a population in sol- 
ution can be used without the need of chromatographic separa- 
tion . 

16. Determination of binding constants 

As R. Rigler has shown, analysis of the correlation function for 
molecules reacting with one another has the result that the 
interaction can be determined my measuring the number of 
molecules N and the weighting factors of the characteristic 
diffusion times. In the case that the value of the reaction rate 
constant is slower than diffusion time, which always will be the 
case in specific reactions, the correlation function is given as 
the sum of the weighted diffusion times: 

G(t) = l + l/N(x(l + t/r x ) _1 +y (l + t/T y ) _1 ) 

where x, y, and r x , r y are the proportions and diffusion times 
of molecules X and Y. r = a) 2 /D. cj is the radius of the sample 
volume and D is the diffusion constant. 

In the case that reaction rate constants are faster than dif- 
fusion times, the correlation function becomes 
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G(T) = l + l/N(l+4<D>t/co 2 ) _1 
where <D> = xD x + yD y . 

If D x and D y are different, the binding of a (small) ligand to 
a large target molecule as the receptor (protein, nucleic acid, 
antibody) L can be followed in a simple way without molecular 
separation processes that are usual in so-called inhomogeneous 
assays. Corresponding relationships can also be deduced for the 
rotational diffusion coefficients or rotational diffusion times. 
The high measuring sensitivity exceeds that of radioisotope 
methods as known from the radioimmunoassay techniques (RIA) . 
These are equally good only ; when labeling with high specific 
radioactivity. When performed according to the invention, mol- 
ecular separation processes and time-consuming calibration can 
be omitted. Hence, the correlation method represents an alterna- 
tive- to the radioimmunoassay used today. According to the tech- 
nique described above, a fluorescence labeled antigen whose bin- 
ding to an,vantibody is analyzed in competition with the antigen 
to be determined in homogeneous phase or inhomogeneous phase 
(solid phase coupled) is employed instead of the radiolabeled 
antigen reagent . One advantage of the method according to the 
invention is based on the fact that undesirable radioactivity 
can be omitted while at the same time increasing the sensitivity 
of the measuring method. 

17. Products of enzyme reactions 

Where enzyme catalysis results in a change of molecular struc- 
ture and molecular weight, the formation of reaction products 
can be followed through the change of the number of molecules 
and of diffusion times. Typical applications are replication and 
cleavage of nucleic acids, cleavage of proteins and peptides, 
but also selection of catalytic antibodies. 
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18. Molecular dynamics in membranes and cells 

The possibility to measure the rotational diffusion of large 
molecules in viscous environment using the FCS method is of 
particular importance for the analysis of the dynamics of spec- 
ific receptors on cell surfaces, but also inside the cell. At 
the same time, binding of labeled ligands can be measured by 
measuring rotational diffusion and translational diffusion at 
cellular structures, such as receptors etc. Examples are 
neurotransmitters, tissue factors, such as growth hormones, but 
also cationic ligands such as Ca 2+ . 

The method according to the invention can also be performed in- 
volving molecules that do not fluctuate or fluctuate very slow- 
ly. This is the case,. for example, if measurement takes place in 
highly viscous media, in gel matrices or tissues, using solid 
phases or with very large molecular complexes or cells involved. 

Surprisingly, even cells can be measured in aqueous suspension 
despite of their large masses. Brownian motion and turbulences 
are sufficiently high to move e.g. a membrane segment with its 
receptors into the measuring volume and out again without inter- 
vening bleaching phenomena of the dye labels occurring. Schemat- 
ic figure 5 depicts the measurement of nearly stationary molec- 
ules' according to the invention. As indicated by the rectangle, 
for instance, they may be present as membrane receptors on an 
immobilized cell (rectangle) . The coordinate axes illustrate the 
analysis, according to the invention, of non-fluctuating molec- 
ules as well by forced relative motion of the measuring volume 
with respect to the stationary element. This can be done by a 
relative change of the laser coordinates, of the coordinates of 
the measuring volume, or of the coordinates of the sample 
volume, or of a combination thereof. 

When fluctuation is strongly limited or the dye labels are bound 
in a stationary way, fluctuation with respect to the measuring 
volume must be forced according to the invention. This is 



# 
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achieved by forced motion of the sample volume and the measuring 
volume contained therein (e.g. vibration, flow) and/or continu- 
ous or discontinuous change of the positional coordinates of the 
measuring volume within the sample volume. This is preferably- 
done by changing the focus and/or by changing the position of 
the illuminated volume element. In the special case of a fixed 
label molecule, the relative motion with respect to the posit- 
ional coordinates of the measuring element thus forced exclu- 
sively determines the "apparent" translational diffusion of the 
bound dye. To achieve discrimination of dye molecules which are 
coupled to non- fixed molecules, the forced relative motion must 
be slower than that of the non-fixed molecules. 

The procedure described according to the invention is possible 
in the case that the time of translational diffusion of the 
slowly diffusing complex is irrelevant for analysis and rather 
the absolute or relative number of the dye labels linked thereto 
is of interest. This is the case, for instance, in determining 
receptor binding constants on cell cultures or in tissues. 

The method according to the invention allows for the measurement 
of molecular and/or cellular mobilities in an especially advan- 
tageous way. Such determinations are of great interest in tech- 
nical, biological and medical terms and often are only possible 
by using specialized technical methods which have not become 
wide- spread. The following selected examples, according to the 
invention, may be mentioned: determination of spermatozoa mob- 
ilities for fertility determinations, mobility of macrophages, 
activity of contractile elements, mobility of membrane proteins 
in natural or artificial membranes, mobility of actively or 
passively transported molecules. Preferably, this is done by 
labeling the cells, molecular complexes or molecules of interest 
with specific dye-labeled ligands, such as labeled antibodies or 
antibody derivatives, or by direct labeling with a dye label. 



One critical advantage of the procedure according to the 
invention is the possibility of screening pharmacologically 



active substances through binding of known fluorescence labeled 
ligands to receptors known per se which may be present on cells 
or natural or artificial vesicle structures. Presently, a 
preferred direction of research in searching for receptor bin- 
ding active substances consists in cloning certain receptors, 
such as the family of protein kinase receptors, first and 
expressing them separately. Then, these target structures are 
immobilized individually, e.g. in ELISA plates, and analyzed 
using ELISA assays. To do this, a considerable amount of 
research and personnel is required to which the risk must be 
joined that a cloned and isolatedly expressed receptor changes 
or loses its functionality or specificity. 

According to figure 1, 2) , it is possible in the case of the in- 
vention to completely omit cloning of receptors. Cells or 
fragments of natural cells or cloned cells can be employed since 
receptors must only be used in concentrations whose values are 
within the range of the reciprocal binding constant for the 
specific ligand interaction. This also suppresses the risk of 
unspecif ic interactions with other ligands or receptors that may 
occur with high reactant concentrations. Hence, the presence of 
other receptors does not interfere with the assay. 

If different cells/cell lines are used in an assay with a single 
type of labeled ligand, differences in the functional behavior 
of the receptors may possibly also be distinguished through com- 
petition with mutants or variants of the binding ligand. A 
differentiated receptor function with respect to one and the 
same effector in different tissues appears to be a not unfre- 
quent regulatory mechanism (e.g. TNF, kinines) (see figure 2). 
This effect can be used pharmacologically by employing selective 
ligand variants which recognize but one receptor type. 
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Figures 2 6 to 2 8 show the use of the FCS method according to the 
invention 

(i) for the determination of the behavior of a fluores- 
cence labeled ligand with respect to association with 
a receptor of the outer cell membrane, 

(ii) for distinguishing between bound and free ligand, 
and/or 

(iii) for measuring ligand mobility in the case of a passage 
into the cytosol . 

Alternatives (i) to (iii) taken together are an example for em- 
ploying the method according to the invention in a dynamic laser 
scanning microscope with which three-dimensional imaging of the 
mobility of a labeled molecular species can be achieved, inter 
alia. From the distribution of concentrations of a particular 
molecule thus obtained, conclusions about the localization of 
this molecule can be drawn. This method also allows for an eva- 
luation of the molecular state in the respective cellular or 
tissular compartments, such as e.g. association with compartmen- 
talized target molecules (e.g. sense/antisense interactions with 
virus nucleic acids) . 

(i) to (iii) are examplified by the human epidermal growth fac- 
tor (EGF) with a cell-bound receptor (EGF receptor) from rats. 
The cells bearing EGF receptors are NBD2 rat bladder cells der- 
ived from a respective tumor tissue. The cells are surface-fixed 
on Petri dishes in PBS buffer (phosphate buffered saline) . They 
had been grown beforehand in standard medium until a confluent 
monolayer had been reached. The medium contained EGF labeled 
with tetramethylrhodamine . For excitation, laser light of 500 nm 
wavelength of an argon laser (0.5 mW) had been chosen. The free 
EGF factor has a rotational diffusion coefficient of ^Df re e = 
0.145 ms . Its concentration was 6 nM. Figure 26a shows the 
autocorrelation function of free EGF. 



After 3 0 minutes of incubation with the cellular monolayer, an 
autocorrelation function according to figure 26b is found in the 
case that the measuring volume comprises the region of the outer 
cell membrane (see also figure 5) . 88% of the ligand detected by 
measurement is present in the receptor bound complex with the 
related diffusion time T Dcomplex = 14.54 ms . This time is a quan- 
tity relating to the diffusion of the receptor in the cell mem- 
brane. With the diffusion time r Dfree = 0.145 ms, 12% of the lig- 
and are covered. About one EGF receptor is present in one space 
element. The related membrane surface is 0.5 x 10" 8 cm 2 . After 
3 0 minutes of washing, the autocorrelation function shown in 
figure 26c is found from which the following can be seen: about 
0.5 EGF receptors per measuring volume still retain the ligand 
bound with high affinity. 

If the FCS measuring volume lies within the cytosol of a cell 
with a portion which at least predominates, then figure 2 7 is 
obtained (EGF in the cytosol) . 38% of the internalized EGF is 
hindered in mobility (either through binding to receptors or 
through the influence of a viscous medium) (diffusion time r = 
3.3 ms) , and 62% of the EGF has the same mobility as the free 
factor . 

Figure 28a shows the interaction of a DNA oligonucleotide having 
the sequence M13/pUC (-21) primer (5 ' -TGA^CG&CAbcjiAAATGT-3 ' ) 
with a viral single-strand DNA of bacteriophage M13 which con- 
tains the corresponding complementary sequence. The oligonucleo- 
tide is labeled with Bodipy (Molecular Probes) at the 5'-C 6 
position. The course of the association reaction with time was 
measured according to the invention in solution at 40 °C. The 
solution contained 50 nM of oligonucleotide, 50 nM of M13mpl8 
(+) DNA in 10 nM tris buffer, pH 7.5, and 0.18 M sodium chlo- 
ride. The variation of the successive autocorrelation functions 
reveals the kinetics of association. Autocorrelation was deter- 
mined after 0, 0.5, 1, 2, 4, 8, 16, 32, 64, 128, 192, and 256 
minutes. The diffusion time of the free primer is 0.17 ms, and 
2.9 ms when complex-bound. Figure 2 9 shows the course of the 
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association as experimentally revealed as % fraction of the 
primer in the associated complex. A reassociation rate of 0.07 
min" 1 results. 

Figure 2 8b shows the example of autocorrelation of the labeled 
primer DNA. Figure 2 8c. shows the autocorrelation function of a 
mixture of free and M13 DNA bound primer. 

Cells of a measuring compartment can be analyzed in situ and in 
an essentially nondestructive way. This is especially relevant 
for pharmacokinetic investigations . 

19. Kinetic reaction parameters 

The possibility to determine diffusion times in terms of frac- 
tions of seconds allows to analyze the kinetic interaction of 
two molecules with high association constants and to determine 
recombination and dissociation rate constants. This is of spec- 
ial interest for the characterization of the interactions having 
high biological specificity, such as antigen/antibody, li- 
gand/receptor , and the like interactions. Analysis of particu- 
larly slow processes with constants up to 10~ 6 s" 1 is easily 
possible due to the advantage of self -calibration inherent to 
the method according to the invention (figure 19) . 

20. Detection of single molecules 

The high sensitivity of the measuring method allows for the 
observation of single molecules during their motion through at 
least one detecting laser beam. By using so-called "molecular 
funnels" in the form of special glass pipettes having outlets of 
<s 1 jum, single molecules can be brought by flux into a laser 
beam having a diameter of 1-5 /xm. By the action of electric 
fields, Brownian motion is restricted such that each molecule 
will pass through the site of maximum intensity of the laser 
beam. The arrangement of the optical units with opposing detec- 
tors and immersion optics makes sure very good photon flux as 
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well as accuracy and efficiency of the detection of the lumines- 
cence emitted in all directions of space (figure 6) . For instan- 
ce, the arrangement is useful for the analysis of the sequences 
of single DNA or RNA molecules with the aid of exonucleolyt ic 
degrading (J.H. Jett et al . , US 4,962,037), but also for the 
detection of single molecules provided with label and charge. 

21. Detection of single molecules by using electric molecular 
traps in stationary or alternating field 

Single ionized molecules can also be held in the observation 
volume element by forced directed translation in an electric 
field. Alternatively, single or repeated translation through the 
volume element can be forced. This is preferably done in an 
arrangement which is shown schematically in figure 6. A flux of 
molecules passes a larger sample volume in the center of which 
the observation volume is located. By an electric field which 
may be a stationary or an alternating field, migration of char- 
ged molecules through the observation element can be forced. In 
this way, molecules can be quasi-f ocused . This "molecular focus- 
ing" is important in the case that only one or a few molecules 
are present in the total volume element which will have to be 
detected quantitatively. 

To do this, the sample volume is preferably fixed as a micro- 
droplet between the outlets of two microcapillaries as have been 
described by B. Sakmann and E. Neher. The capillaries are vapor- 
coated with a conductive metal layer, preferably gold on chrom- 
ium priming, which is in contact with the aqueous buffer system 
at the outlets of the capillaries. The measuring element is 
located inside the sample droplet wherein the emergence objec- 
tive of the microscope is in direct contact with the droplet or 
the droplet is separated from the objective by a sheet. 

Once a single molecule or molecular complex is detected in the 
measuring element after having left the end of the capillary, 
kinetic data can also be obtained. It is not very complicated 
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to technically realize a field or temperature jump in the small 
volume element. If reaction complexes exhibit a Wien effect or 
have a sufficiently high reaction enthalpie, those parameters 
can be used in relaxation methods, e.g. to determine reaction 
rate constants. 

The . principle of single molecule detection with carrier-free, 
electrically mediated concentration of charged molecules, such 
as nucleic acids, in the measuring volume is of great signifi- 
cance for the analysis of single molecules in highly diluted 
solutions. Two aspects are prominently important therein: the 
active transport according to the invention of one or a few 
molecules from a larger sample volume of 10-1000 fil into the 
measuring volume of about 10" 9 /xl means a concentration by a 
factor of 10 10 to 10 12 (figures 20, 21). 

One molecule per ml means a concentration of about 10"* 21 M. With 
a concentration as described, this means a final concentration 
of 10~ 9 M in the measuring volume. Thus, as described in the 
section DNA analysis, hybridisation with simultaneously concen- 
trated dye- labeled probes can be performed with fast reaction 
rates . 

This means a notable progress for diagnostics. In this way, 
diagnoses with a sensitivity not realized hitherto can be per- 
formed, particularly while omitting enzyme-based amplification 
procedures and the problems related thereto, such as risk of 
contamination by amplification products. This is of special 
importance in bacteria and virus diagnostics. 

If the viruses or bacteria are present in diluted solutions and 
are not contaminated with a large excess of accompanying nucleic 
acids that are also negatively charged the analysis can take 
place without preliminary separation of contaminating nucleic 
acid. This is the case, for instance, in forensic analyses when 
extremely small amounts of biological material is to be geneti- 
cally analyzed. In clinical analyses, this is the case with cell 
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free supernatants of body fluids, such as sputum, urine, or 
plasma . 

A large amount of accompanying nucleic acids may interfere with 
the concentrating process and the subsequent hydridization . 
However, the nucleic acid can be preliminarily enriched, e.g. by 
means of specific hybridization methods. To do this, certain 
nucleic acids are extracted from a large volume, e.g. by offer- 
ing a molar excess of solid phase coupled counter-strand probes 
which preferably are not homologous with the probe, and are thus 
separated from contaminating, accompanying nucleic acids. Sub- 
sequently, the nucleic acids are released to concentrate them in 
the measuring volume according to the invention. 

In principle, other molecules can also be concentrated in the 
measuring volume by means of the electric trap according to the 
invention. A specific character of being charged of the target 
molecule is required which is either an intrinsic property of 
the molecules, such as in the case of nucleic acids, or a charge 
established by conditions of the medium, or a charge generated 
by reaction with a particular ligand. 

In a preferred procedure according to the invention, the specif- 
ic dye-labeled probe or the labeled ligand in detection reac- 
tions other than for nucleic acids can be construed such that 
the test molecules are transported into the measuring segment, 
mediated by the electric field, only after the specific complex 
formation has already happened. According to the invention, this 
is achieved by the non-complexed probe being uncharged or even 
bearing opposite charge with respect to the target molecule and 
the complex of receptor- target and ligand to be concentrated in 
the measuring volume . 

Figure 3 0 shows the movement of charged molecules in a dipole 
trap. Variations of concentration and oscillations of negatively 
charged rhodamine labeled dUTP molecules in water in a laser 
illuminated volume element are shown at an oscillating electric 
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fieid with a field strength of 10 kV/cm and a frequency of 4 Hz. 
The optical axis of observation runs perpendicular to the field 
gradient (see figure 6) . The effect of concentrating the molec- 
ules in the measuring volume becomes evident . This concentration 
effect is cancelled in the moment when the field is switched off 
and the molecules leave the observation volume element by dif- 
fusion. Comparable results can be obtained by means of opposing 
microcapillaries as described in figure 6. 

Figure 31 shows photon showers of single rhodamine 6G molecules 
in water. By photon shower is meant the sum of the detected 
photons received while the molecule is present within the 
Gaussian measuring volume. Thus, the possibility of reliable 
detection of single molecules with a single chromophor has been 
proven. Figure 31a: 2.5 x 10" 11 M; figure 31b: 4 x 10" 10 M. The 
channel time was 4 x 10" 5 sec in each case = diffusion time; 
Gaussian measuring volume 0.24 f 1 . 

22. PNA (protein-like nucleic acid) 

Particularly suitable molecules according to the invention are 
those whose behavior of binding to nucleic acids is an especial- 
ly tight one because they are uncharged or even contribute to 
electrostatic stabilization of a complex through a charge oppos- 
ite to that of the phosphate backbone. Molecules capable of hyb- 
ridizing must not necessarily have the chemical character of a 
nucleic acid. So-called PNA molecules have been described which 
can be used according to the invention to particular advantage. 

In the case of a relatively long-chained nucleic acid target 
this can be achieved by the excess negative charge of the target 
molecule determining the electric charge and the electrophoret ic 
separation behavior and e.g. overcompensat ing the opposite 
charge of a probe molecule. In this way it can be achieved that 
the complexed target molecules are selectively concentrated in 
the measuring segment after completion of the hybridization 
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whereas the excess of labeled probe molecules is eliminated from 
the measuring segment . 

For instance, the method according to the invention also allows 
for direct detection of single virus particles in a volume of 
about 100 fil - 10 ml (corresponding to 10" 20 -10" 22 M) of serum 
fluid without enzyme-based nucleic acid amplification proce- 
dures . 

For the nucleic acid based positive detection in serum samples 
serving as an example herein, the following requirements must 
preferably be met: 

The mentioned amount of serum fluid must contain at least 
one virion with nucleic acid (DNA or RNA) accessible for 
hybridization . 

The solution must contain a highly specific nucleic acid 
probe according to the invention as a test reagent with 
fluorescence labeling. The length of the probe must be 
chosen such that high specificity with respect to the 
target sequence is ensured because RNA molecules might 
possibly occur in the serum in high molar excess. 

When choosing the length of the probe, the stability of its 
binding to the complementary RNA or DNA must be considered. 
The dissociation rate ought to be below 10" 5 sec" 1 , if 
possible. This means that the hybrid will remain stable for 
about one day even after the free probe molecules have been 
removed, i.e. when the equilibrium at a presumed concentra- 
tion of 10" 20 M lies entirely on the side of the dissociat- 
ed molecules. According to the invention, this happens when 
the free probes are diluted by electrophoresis later, pref- 
erably to 10" 20 M. 

When hybridizing, the probe must be present in so high a 
concentration that association and hybridization take place 
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within seconds to minutes. According to the invention, low 
concentrations can be used if the substances discussed 
below are added to the hybridization medium to accelerate 
association. 

The probe is chemically linked to at least one, preferably 
more fluorescent dyes according to the invention. The 
electrophoretic mobility of the free probe should be 
different from that of the complexed probe. This can be 
achieved simply by making use of size differences or 
differences in conformation or, according to the invention, 
by using probe derivatives with a modified, neutral or 
positive, charge character. 

The analysis according to the invention takes place in the 
device claimed according to the invention combined with a 
specialized electrophoretic unit described in a preferred 
embodiment . 

It consists of an electrophoresis cell with capillary outlet 
(diameter about 10" 3 mm) and is combined with the single 
molecule fluorescence device (FCS) according to the invention. 

Figure 12 schematically describes a preferred embodiment of 
electrophoresis cell. It contains (1) at least one opening for 
the addition/collection of the sample to be analyzed and/or a 
washing solution; (2) wall electrode; (3) ring electrode; (4) 
Neher capillary; (5) golded tip as an electrode; (6) droplet 
outlet; (7) laser beam. 

The electrophoresis cell is filled with the measuring sample to 
which a primer solution is added as accurately dosed as possi- 
ble. Between the wall and ring electrodes, a voltage is applied 
e.g. over a time switch resulting in a concentration of probe 
and hybrid in the ring electrode within minutes. Thereafter, 
high voltage is preferably applied - again over a time switch 
between wall electrode and capillary tip. The length of the 
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capillary should be such that from this point separation of free 
probe and hybrid will take place due to electrophoresis as prop- 
erly as possible. The free probe should appear at the outlet of 
the electrode within a period which is clearly different from 
the period after which the measuring impulse of the hybrid comes 
in so that at this time the concentration of unbound primer is 
sufficiently diluted. Preferably, the solution comes out as a 
droplet so that no back diffusion can take place. Both time 
spans: T s , after which the impulse of the free probe will ap- 
pear, and T z , after which the impulse of the hybrid will appear, 
are fixed, if possible. The hybrid will appear in a microdroplet 
at a given time and can even be detected in terms of single mol- 
ecule fluorescence. Optical measurement can also take place 
before the exit from the capillary. 

Detection of single molecules is difficult if the disturbing 
signals from the free probe are too strong. Single molecules per 
ml means 10" 20 to 10" 22 M. Because of the reaction times, how- 
ever, probe concentration for association must be about 10" 10 M. 
In this case, the combination with electrophoresis according to 
the invention allows for a very much sharper separation than 
with the described difference measurement of an unseparated mix- 
ture . In addition, the hybrid which is possibly formed appears 
within a volume, whose order of magnitude is <s 10" 12 1, at a 
time which can be accurately calculated, and thus it is well 
detectable for the method according to the invention. By selec- 
ting appropriate fluorescence labels, fluorescence can be made 
optimal . 

23. Device for preparative selection of desired labeled complex- 
es in terms of a single molecule sorting method with or without 
combination with a molecular trap 

In case a molecule, molecular complex, virus, or cell has been 
recognized by FCS as a desired target molecule, the possibility 
exists for direct preparative enrichment. This assumes that by 
electrophoretic migration the respective molecule is present at 
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a defined place at a defined time shortly after measurement and 
can be electrophoretically separated there. 

Measurement of mobilities in an electric field, running time 
measurements in capillary electrophoresis, running time correla- 
tion, sequencing 

Through measurement of the mobilities of molecules or molecular 
complexes in an electric field, e.g. using methods of capillary 
electrophoresis, information about the nature of the molecules 
can be obtained. Thus, amino acids of a protein or peptide as 
products of Edman degradation, for example, with fluorescent 
label can be determined through this electrophoretic mobility. 
In recent years, sequence analysis of peptides and proteins has 
become increasingly important. It has been a critical break- 
through to use analytical amounts of a protein in gas phase 
analyzers as commercially available by now. In this way, the 
proteins from single spots of two-dimensional gels (O'Farrell 
gels) can be sequenced. 

The efficiency of this method could be significantly enhanced 
further if the sensitivity of analytical determination of the 
degradation products in a subsequent capillary electrophoretic 
evaluation could be increased. Compared with conventional detec- 
tion methods, peak determination by FCS in combination with run- 
ning time determination (running time correlation) allows for 
surprisingly high sensitivity. Thus, analytical amounts of pep- 
tides and proteins which can be obtained by capillary electro- 
phoretic methods are sufficient for sequence determination. As 
the initial amount, a single cell may be enough to be able to 
perform sequence analysis for a protein contained therein. On 
the other hand, the sensitivity of the method allows for the 
structure of a substantially longer sequence of 2D gel electro- 
phoretically separated proteins, peptides or cleavage products 
to be determined. 
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An enzyme -based amplification reaction such as PCR cannot reach 
such sensitivities without considerable additional steps. The 
known problems with enzyme-based amplification relating to 
contaminations with highly amplified products do not occur in 
the method according to the invention. 

The method according to the invention in combination with elec- 
trophoresis is not limited to application for nucleic acids. 
Proteins and protein complexes or low-molecular chemical ligands 
can also be provided with charge carriers that allow for analys- 
is according to the invention. For instance, negatively or pos- 
itively charged oligopeptides can be coupled to antibodies pre- 
pared by recombinant techniques in order to subject them to 
electrophoresis under non-denaturing conditions. Thus, even 
lower virus titers can be detected, for instance when antigen 
analyses of surface proteins are performed which occur in large 
numbers per virion or are even secreted isolatedly into the 
serum. 

A variation of the electric trap to detect single molecules is 
the incorporation of a quadrupole instead of a dipole. By apply- 
ing an alternating field in the plane of the quadrupole, a char- 
ged molecule can be prevented, at appropriate field strengths, 
from thermally diffusing out of the quadrupole region. If two 
additional electrodes are arranged, according to the invention, 
above and beneath the quadrupole (sextupole) , then charged mol- 
ecules will drift, after an appropriate voltage has been applied 
between the outer sextupole electrodes and the average potential 
of the quadrupole, into the alternating field of the quadrupole 
and be concentrated there . 

The sextupole electrodes can be formed by metal coated glass 
surfaces of two microscope objectives. If a single molecule is 
present in the volume of the sextupole of about 4 0 fil , then this 
corresponds to a concentration of 4 x 10" 20 M. With a voltage of 
10 0 V between the sextupole electrodes and the quadrupole plane 
(distance about 1 mm) , a nucleic acid molecule will drift into 



the quadrupole plane within about one second. The molecule now 
held within the quadrupole plane is present in a volume element 
of about 6 fl corresponding to a concentration of about 2.5 x 
10" 10 M and an increase in concentration by a factor of 6.4 x 
10 9 . Its presence is proven by determining the number of molec- 
ules (N = 1) and the diffusion time which is characteristic for 
this molecule. 

The voltages and voltage differences actually employed in the 
quadrupole and/or sextupole depend on the ionic strengths of the 
analyte solution. 

When a position- sensitive detector is used (avalanche photodiode 
detector) , whose different elements represent different space 
portions or quadrupole planes, the electric field gradients can 
be arranged, through a feedback arrangement between detector 
elements and the poles (electrodes) of the quadrupole, such that 
the molecule is always held at a fixed position within the quad- 
rupole. This position is defined by the respective detector 
element . 

24. Electric trap 

For convenience, the "electric trap" mentioned above is realized 
by arranging the measuring compartment with essentially equal 
distance between two positively (negatively) charged poles 
(electrodes) lying on a common axis which goes through the meas- 
uring compartment. In the plane perpendicular to this axis there 
are at least two and preferably four electrodes between which an 
alternating electric field is formed. The electrodes are arran- 
ged in such a way that they or pairs of them are facing each 
other. To these electrodes a rotating alternating electric field 
is applied in which the positively (negatively) charged mole- 
cules are located. Due to the electric charge of the two elec- 
tric poles perpendicular to the alternating field, the molecules 
are restrained from movement out of this alternating field. When 
the double microscope is used which has been mentioned above and 
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will be described in more detail later, the electric poles are 
preferably the supports of the two opposing objective lenses in 
the common focus of which the measuring compartment is arranged. 

When the elctric trap is used in routine analyses, it is impor- 
tant that a target molecular complex get from a relatively large 
sample volume (10-100 /xl) into the very small measuring volume 
for observation. To achieve this, the charged target molecule is 
brought, for convenience and according to the invention, over a 
large potential gradient into a volume element with zero poten- 
tial out of which or inside which it can be controlled by multi- 
polar fields, e.g. quadrupolar fields, e.g. for fixation in 
and/or controlled motion through measuring volumes. Preferably, 
this is done in a capillary with a length of several millimeters 
or centimeters (figures 20, 21) which will receive the sample 
and at one end of which a voltage of e.g. +100 (or -100) V is 
applied and the other end of which lies at a potential of 0 V. 
The electrode lying at 0 V has a pinhole behind which there is 
e.g. a quadrupolar alternating field on a low voltage level (see 
figure 20) . According to their electrophoretic mobility \i = ca . 
10" 4 to 10" 6 cm 2 /Vs, target molecules quickly migrate into the 
pinhole and then move on into the geometrically adjacent quad- 
rupolar field. The capillary is made of e.g. glass or quartz, if 
it is desired to superimpose electroosmotic effects on electric 
migration as is done in capillary electrophoresis. Alternative- 
ly, capillaries made of e.g. Teflon with uncharged surfaces can 
be used in which case electroosmotic effects can substantially 
be excluded. 

25. Fitness determination of variant spectra in large sample 
collectives . 

Within the scope of evolutionary screening assays, the method 
according to the invention is useful for the determination of 
the binding of ligands to molecules (proteins, peptides, nucleic 
acids, antibodies) which are to be selected. The extreme meas- 
uring sensitivity achieved by the method allows, in particular, 
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for analysis of highly specific interactions, which are e.g. of 
particular physiological or biochemical interest. The interac- 
tion is measured through binding of a ligand or labeled ligand 
or through competition of the unlabeled ligand with a labeled 
inhibitor. Thus, fitness determinations of variant spectra can 
be performed primarily in large sample collectives. 

Fitness parameters may be: 

affinity parameters 

kinetic parameters 

enzymatic parameters 
under particular medium conditions of the test. 

26. Sample carrier systems for genotype/phenotype couplings 

In the analysis according to the invention and in the evaluation 
of large sample collectives of phenotypic variants it is crit- 
ical that the corresponding genotype, e.g. the encoding plasmid 
or the encoding mRNA, can subsequently be singled out to con- 
tinue the evolutionary process. This problem is by no means a 
trivial one. The process will be the more successful, the more 
selectively this singling out is done, that is the more precise- 
ly the corresponding genotype can be isolated without contami- 
nating it with sequences coding for useless phenotypes. 

27. Test cells 

With medium sample numbers (< 10,000) volume elements can be 
employed which are arranged in fixed spatial separation and are 
referred to as test cells hereinbelow. These can be parts of a 
sheet system comparable to those described for PCT/EP 89/01320, 
PCT/EP 89/01387, PCT/DE 91/00082, PCT/DE 91/00081, PCT/DE 
91/00083, PCT/DE 91/00704, wherein individual volume elements 
contain samples in sealed sheet elements. From the sealed ele- 
ments, phenotypes which have once been identified can be isol- 
ated along with their encoding genes or mRNA transcripts by 
direct mechanical access. 
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2 8 . Microcompartmentalization 

The method, according to the invention, of optical measuring and 
evaluation of variants in ultrasmall sample volumes also allows 
for very small total sample volumes in form of a microcompart- 
mentalization which cannot, however, be handled in a trivial 
way. This is true for both individual filling and selective 
emptying of the compartments to prepare a genotype identified as 
being positive. 

Microcompartments can be built up from regular and irregular 
porous carriers, such as capillary elements arranged in the 
parallel as described in the patent application DE 42 37 383.1, 
or flat carriers made of porous materials such as glass with 
controlled pores or capillaries whose volume elements are 
separated one-dimensionally within the capillary but of which 
pairs are in direct contact. 

A particularly preferred form of microcompartmentalization is 
depicted in figure 4 . Under an optically transparent flat 
carrier, the volume elements present in a sample to be analyzed 
in the form of recombinant or natural cells or artificially 
vesicular elements with their respective phenotypes and geno- 
types are applied. In another embodiment, volume elements are 
established only during application to the carrier or thereaf- 
ter. Gel or vesicle forming polymers, especially polymers based 
on thermoreversible structures, such as caprolactam derivative 
polymers, are especially preferred. 

Application can be performed first from a homogeneous solution 
with subsequent segregation of the polymers to form separate 
aqueous volume elements, or through application of microdisperse 
droplets by means of a piezo-controlled microdispenser . 

In the way described, the contents of cells can also be ana- 
lyzed. For example, cells can be enclosed in the described ves- 
icular structures and later lysed at higher temperatures. In 
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this case, at least partial mixing of the solution enclosed in 
the vesicles and containing reactive molecules or molecular com- 
plexes with the contents of the lysed cell will occur. Reactive 
molecules can be e.g. nucleic acid probes, enzymes or proteins 
which will undergo specific interactions or reactions, which can 
be detected and quantified by the FCS method according to the 
invention, with cellular components. This technique is analogous 
with in situ hybridizations or cell specific protein staining. 

Carriers for simultaneous fixing of nucleic acids and the pheno- 
typic molecular structures to be analyzed, such as those des- 
cribed in the application of K. Henco et al . , DE 42 37 381.6, 
are also useful as a preferred reaction carrier to achieve 
genotype/phenotype coupl ing . 

Of course, carriers such as those employed by S. Fodor et al . 
within the scope of the so-called AFFYMAX technology in which 
the genotype is defined by its x/y position on the carrier can 
also be used. 

29. Photomarking of selected pheno types 

One preferred possibility of adressing and marking of variants 
selected according to the invention within their respective 
volume elements is photooptical marking of their position by 
using the described analytical optics (figure 7) . This may be 
done by reflecting in light of a wavelength by which a photoac- 
tivatable coating on the surface of the carrier can be excited 
to produce, e.g. by selective discoloring, a reaction product 
which is easily recognized. The light signal is activated if 
correlation analysis indicates a given predefined valence of the 
respective volume element analyzed. 

A conventional photoreactive coating can be employed therein. An 
additional light source, preferably also a laser light source, 
may be used, or the laser employed for analysis may be used. 
Discrimination between measurement and marking of the position 
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by photoactivation can be achieved e.g. by using a frequency 
doubler for the marking reaction. The x/y positions of desired 
elements can also be collected by electronic data storage. 

After marking of the positions on a carrier, the desired nucleic 
acid can be obtained from the corresponding volume element, for 
example, by mechanical access. 

30. Photoactivation of selected pheno types and genotypes 

Instead of marking the selected volume element, marking of the 
corresponding genotype itself according to figure 7 has proven 
to be particularly useful according to the invention. 

According to the invention, several alternatives are preferred: 

(1) photoactivated attachment of the nucleic acids to surface 
structures of the volume element, 

(2) photochemical activation of nucleic acid specific ligands, 

(3) photochemical inactivation of nucleic acids in all volume 
elements except the positively selected ones. 

Within the meaning of alternative (1) , psoralen derivatives can 
be employed, for instance, which chemically link nucleic acid 
counter- strands to one another, as double strand intercalating 
reagents, under 360 nm light exposure. Such ligands can be 
chemically linked, for instance, with the carrier surface 
(figure 8) . 

In this way, a sufficient number of phenotype encoding plasmid 
copies can be attached to the positively selected surface 
segments during the screening. Subsequently, all nucleic acids 
that have not been fixed can be washed off. Then, the selected 
nucleic acids can be subjected to an enzyme-based amplification 
reaction directly on the surface. 
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Alternatively, the nucleic acids can be recovered by making use 
of the reversability of psoralen linking. This may be done, for 
instance, by light of 260 nm wavelength. According to alterna- 
tive (2) , the nucleic acid binding ligands can also be linked to 
other molecular elements which allow for ready subsequent purif- 
ication and separation of undesired nucleic acid structures. 
This may be exemplified by: coupling of DNA or RNA recognizing 
ligands, particularly photoactivatable psoralen derivatives or 
intercalating dyes, coupled to affinity ligands, especially 
biotin, avidin, streptavidin, immunoglobulin, oligopeptides, or 
oligonucleotides . 

According to figure 8, after light -induced chemical linking of 
those compounds with DNA or RNA from the positively selected 
volume elements it becomes possible to purify DNA and/or RNA 
from all volume elements together and simultaneously separate 
them from the nucleic acids which have not met the selection 
criteria. Separation can preferably take place by hydrophobic 
chromatography, affinity chromatography, or by using magnetic 
particles, wherein the surfaces have appropriate properties of 
binding to the ligand of the adaptor molecule. Preferred exam- 
ples of such specific coupling are: oligo-dT/oligo-dA, avidin- 
streptavidin/biotin, NTA- IDA/ (His ) 6 and similar known complex 
forming agents. 

In the subsequent step, the purified nucleic acids thus pooled 
can either be directly subjected to an enzyme-based amplifica- 
tion reaction or to cDNA synthesis, or can first be decoupled 
from the ligand by reversion of the photochemically induced 
linking . 

In the sense of the invention, one could also think of selec- 
tively inactivating the nucleic acids which do not meet the 
selection criteria of the analysis [alternative (3)]. This can 
also be done with cross-linking substances such as psoralens, 
wherein cross- linking will occur in such a way that the struc- 
tures thus cross- linked are no longer capable to be amplified in 
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successive enzymatic reactions. However, one drawback of this 
method is that inactivation must be accomplished quite complete- 
ly because otherwise the enrichment factor for the positively 
selected volume units is adversely affected. In the methods of 
alternatives (1,2), the yield of enrichment is not of prevalent 
importance. By means of enzyme -based amplification methods, very 
low numbers of copies can also be enriched to be covered accor- 
ding to the invention. However, for most of applications it is 
advantageous if as large as possible a fraction of the nucleic 
acids from a positively selected volume element can be preparat- 
ively covered. This can be achieved e.g. by means of optics 
illuminating a larger volume element than the volume element 
considered in the analysis. 

31. Fraction analysis/flow injection analysis/GC/MS coupling 

Flow injection analysis with coupling to analytical/preparative 
separation methods is of particular importance in coupling 
methods according to the invention to methods of unsharp chem- 
ical or biochemical reactions to find active substances or op- 
timize (DE 43 22 147 and W092/18645) chemically or enzymat ically 
generated quasi-species . 

As has been set forth above, the present method is particularly 
useful for the analysis and evaluation of molecular collectives 
which are complex in terms of number and have been preliminarily 
generated in an evolutionary process. Functional analysis of 
complex systems with molecular diversity, however, is also of 
considerable significance in cases apart from that. Diversity 
does not only emerge due to evolutive systems in terms of 
replicative mechanisms just as compartmentalization of subpopul- 
ations does not only occur in cellular or vesicular structures. 

In synthetic chemistry, very complex systems of different molec- 
ule types are produced deliberately or unintentionally wherein 
a given kind of complexity can also be selectively generated. 
Microorganisms or plants synthesize a variety of secondary meta- 
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bolites from which a great number of pharmacologically active 
structures have already been derived. With chromatographic 
methods, such as HPLC, FPLC, gas chromatography etc., such com- 
pounds can be efficiently separated and isolated, as is well 
known . 

The method according to the invention does not only make acces- 
sible parallel analysis of mutants/variants from so-called re- 
plicative systems, such as nucleic acids or proteins, but also 
those from chemically or metabolically complex mixtures. Conven- 
tionally, to date the procedure was to first purify complex 
mixtures preparatively in individual fractions, to analyze them 
chemically and/or reveal their structures and, if possible, to 
make them enter biological assays individually in the form of 
pure substances . 

Now, with the method according to the invention, preparative use 
of the fractions or individual materials, which are present only 
in analytically small amounts at first, e.g. for pharmacologic 
assays can be achieved. In a preferred embodiment of the method 
according to the invention, the obtained fractions are directly 
linked to an FCS assay. Producing individual substances before 
they positively respond to the respective problem in FCS assays 
is omitted. Blind screening for active substances as presently 
performed can be replaced by the possibility to selectively 
investigate fractions containing active substances. 

Analysis of functional compounds in complex mixtures of materi- 
als is an ambitious task of pharmaceutic chemistry. Primarily, 
the complex mixtures of natural substances from microorganisms 
and plants already mentioned are known. Japanese institutions 
and companies have achieved a lead in screening natural substan- 
ces with respect to the other nations which is difficult to be 
caught up on by persistently, since the first antibiotics had 
been introduced, establishing extended banks of purified sub- 
stances with revealed structures which can be introduced into a 
screening in each new assay. This is much simpler than cultivat- 
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ing organisms each time anew, especially since the risk of 
repeated detecting, meaning double developments of active struc- 
tures which are known per se, is avoided in this way. 

Due to its advantageous properties, the method according to the 
invention can renounce on this proceeding and nevertheless 
allows for analysis of very extended and complex mixtures, since 
individual molecules are covered virtually as pure substances. 
One should remember that a single microorganism can synthesize 
more than one thousand complicatedly structured secondary meta- 
bolites some of which can only be present in small amounts and 
cannot be identified by their functions in an analysis of the 
entire mixture of an extract. According to the invention, mix- 
tures of substances from a microorganism or a mixture of several 
microorganisms or plant extracts can be separated first e.g. by 
chromatography to test the individual fractions for the presence 
of functional compounds preferably "on-line" in a capillary at 
the end of a separation matrix (see figure 9) . 

The schematic figure 9 is explained hereinafter. According to 
the invention, complex mixtures of substances can be analyzed 
through coupling with a chromatographic separation. After chrom- 
atographic separation, a labeled reference molecule is added to 
the fractions continuously and at a fixed concentration, to 
which the specifically binding target molecule is also added at 
a fixed concentration. As described in figure 1, the respective 
concentrations are preferably chosen such that about 50% of the 
molecules involved form a complex, so possible interfering sub- 
stances from the separated mixture can be detected with maximum 
sensitivity . 

Thereafter, the combined samples pass the detection unit through 
a capillary flow tube. The fractions are analyzed for specifi- 
cally shifting the considered binding equilibrium. 



Synthetically produced mixtures such as, for instance, mixtures 
of diverse substituted or unsubstituted alkyl residues in 



alkylation reactions, when complex synthon mixtures are used, 
can also be analytically covered as described above. It is no 
longer necessary then to separate the compound formed from its 
reaction mixture and to characterize it after each reaction 
step. 

In a preferred embodiment (figure 9) , aliquots of the substance 
to be analyzed for interference are first added to the individu- 
al fractions before the mixture is contacted with a solution 
containing the receptor, in order that possible competition 
reactions can be measured. Alternatively, if a receptor is al- 
ready occupied, a slow dissociation rate constant could compli- 
cate detection of a displacement reaction. Receptor displace- 
ments reactions which are slow allow for the measurement of the 
change with time, i.e. of k diss . 

32. Screening of complex mixtures for biof unctional interaction 
properties with concomitant rough evaluation of parameters for 
physical interaction with target molecules 

If a mixture of different substances is to be analyzed, accord- 
ing to the invention, for properties of interaction with target 
molecules, e.g. in LC/FCS coupling, upper or lower limits for 
binding constants allowing for corresponding quality evaluation 
of respective guide structures can be directly estimated. This 
shall be illustrated by the following example: 

10 jitg of a mixture of substances is applied onto a LC separation 
device containing 10 0 0 substances in which the individual sought 
substance is contained only in an amount of 0.1%. This corre- 
sponds to an absolute amount of 1 ng. After separation of the 
fractions, this amount of substance is present in a volume of 
5 /xl . With an assumed average molecular weight of 2 00 Dal tons, 
this means a concentration of 10" 6 M. If the target molecule, 
e.g. a receptor, is added at a comparable concentration, then 
complex formation can be accomplished within a given period of 



time only if the reaction rate exceeds a given maximum value and 
the binding constant is > 10 6 . 

The detection reaction can be coupled to a parallel HPLC/MS or 
GC/MS analysis in order to directly obtain structural data for 
the compounds identified as being active. 

The small expenditure of substances of the analytical method 
according to the invention also allows for the use of the 
analytical method according to the invention in competition with 
different alternative methods of biosensor technology which can 
suffer from problems of signal drifting when used in on-line 
analyses. Instead of the chromatographic unit described above, 
a. sample dispenser may be used. 

DNA/RNA probe assays 

When the potential detection sensitivity of the technique accor- 
ding to the invention is fully utilized, a specific problem 
arises in DNA or RNA probe technique. On a molecular level, the 
detection reaction according to the invention requires the 
formation of double-helical structures made of single strand 
structures which are at least partially complementary to each 
other, wherein the single strands involved may consist of DNA or 
RNA or mixtures of DNA and RNA fundamental structures which may 
bear chemical modifications, wherein said modifications in par- 
ticular may pertain to the base structure, especially those 
which alter the luminophorous properties of the bases and/or 
those bearing substituents which have properties of specific 
binding to specific molecules or molecular complexes and/or are 
luminescent substituents . 

The formation of double-helical structures, however, is a 
relatively slow reaction (hybridization, cot kinetics) . In 
experimental practice, this means, for instance, that reassocia- 
tion of genomic DNA from cells is a process which will last for 
weeks and months, depending on the experimental conditions, so 
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that the experiment cannot actually be carried|].c— 9 completely. ^ 
Only repetitive genomic segments, which may^>cje^f e.g. m a *~ 
number of > 100, 000 per eukaryotic genome , rehybridi zed f&~* 

(Davidson & Wetmur) . C^oa 

An approximative formula which can very well be used in practice 
describes the reassociation of a denatured double strand 
fragment : 

t i/2 = N x In 2 / (3.5 x 10 5 x L x c 0 ) 

yields the half life of the reassociation in seconds at an 
ionic strength of 1 M at T = T m - 2 0 . L is the length of the 
probe fragment, N is the length of unit sequence, c 0 is the mol- 
ar concentration of nucleotides, and 3.5 x 10 5 is an approximat- 
ive value for the intrinsic rate constant of the association. 

Since the reaction rate depends on the sum of the concentrations 
of the two reactants (+ and - strands) , there are two possibili- 
ties in general to accelerate the reaction of reassociation. 
Since the excess component determines the rate, in conventional 
blot assay the probe is usually used in excess to subsequently 
separate the excess probe in washing steps. With the introduc- 
tion of enzyme-based amplification reactions, such as PCR 
(polymerase chain reaction) , it is also possible to amplify the 
target nucleic acid to be detected to such an extent that it 
will determine the reaction rate. However, if amplification 
reactions are intended to be dispensed with in the method 
according to the invention, or the detection is to be performed 
without troublesome separation of the probe component in a one- 
pot procedure, one or more process steps and procedures may be 
combined according to the invention. 



The sensitivity of the detection of viral or bacterial pathogens 
in the gas phase (air germs) or in solutions or suspensions in 
small sample volumes, as are sufficient for the detection accor- 
ding to the invention, can be increased by using simple fil- 
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tration steps. They can be extracted from large volumes through 
filters or filter systems and incorporated in small sample 
volumes- An alternative is concentration e.g. through coated 
magnetic particles . 

For DNA/RNA analysis, probes with intercalating substituents can 
be employed. The use of those chromophorous ligands is especial- 
ly preferred, whose fluorescence behavior changes or is enhanced 
during intercalation. Especially useful are substituents of the 
thiazole orange class. In the intercalated state, their fluores- 
cence efficiency is about 1000 times larger than in the free 
state. Thus, it is possible to measure a specific complex for- 
mation through intercalation at a thousand- fold excess of non- 
dye-intercalating probe. 

By using oligomeric or multimeric dyes linked to a probe, the 
sensitivity can be further enhanced by a factor of 10 to 100, 
since less individual events must be detected to produce the 
required signal . 

Excess concentration of a double strand analyte is not necessar- 
ily desirable to accelerate the reaction. Thus, an undesirable 
displacement of already associated probe from the complex may 
result if a counter- strand of the analyte present in excess 
hybridizes with the complex further up or down. 

According to the invention, this problem is solved by taking 
care that the excess of analyte be present only in the form of 
a polarity without a counter-strand, such as generated, for 
instance, by unsymmetrical priming in a PCR reaction, or by run- 
off production of specific RNA sequences by means of RNA poly- 
merases as naturally occurring in cells or being generated in 
homogeneous amplification reactions such as 3SR. 

The displacement reaction can also be prevented by intercalating 
substituents thermodynamically stabilizing the complexes (e.g. 
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acridine dyes) or by initiating irreversible cross-linking 
(psoralen derivatives) (see patent application P 42 34 086.1). 

If the use. of a labeled probe in the range of 10" 12 M is pos- 
sible through optimization of the above discussed parameters 
according to the. invention and hence an analyte (counter-strand) 
in the range of 10" 14 is still detectable, then the reaction 
kinetics of reassociation (complex formation) becomes unaccept- 
ably slow. Using the approximative formula mentioned above, it 
can easily be calculated that a fragment of the length and unit 
length of 200 nucleotides would take about 23,000 minutes (16 
days) to reassociate if 10 half lives should be waited out 
before the optical measurement by the method according to the 
invention . 

By using a combination of organic solvents based on phenol and 
chaotropic salts such as thiocyanates or perchlorates , the 
reaction kinetics can be accelerated to about 100,000-fold 
(Kunkel et al . ) . Those methods have not proven successful in 
practice in filter assays. They can be combined, however, with 
the method according to the invention which is preferably 
performed in solution. In this way, not only the reaction rate 
of the example mentioned above is shifted into the range of 
seconds, but the solution at the same time prevents degradation 
processes by the action of e.g. ribonucleases on RNA analytes. 

The method also allows for the differential detection of large 
vesicle complexes as are necessary for a differential diagnosis 
in lipid metabolism if distinction between different transport 
vesicles LDL, VLDL, and HDL is sought. Therefor, relatively 
complex electrophoretic methods must be employed to date the 
quantification of which is not easy. Dye-labeled vesicles can be 
distinguished according to the invention by mobility and/or 
rotational diffusion measurements. The vesicles may be stained 
with fluorescence labeled specific antibodies. Alternatively, 
f luorophorous label molecules can be specifically and permanent- 
ly incorporated in the vesicle structures. 
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Functional assays of in vitro translation products 

The use of the screening technology according to the invention 
is of particular importance for the analysis of replicative 
molecules in the form of proteins or peptides in combination 
with in vitro protein biosynthesis. In vitro protein biosynthe- 
sis avoids recombinant cellular systems. However, the effectiv- 
ity of in vitro protein biosynthesis is so small that detection 
of the function of the synthesis product is not possible without 
expenditure. In average, no more than one peptide or protein 
molecule is produced from an mRNA molecule. The result can be 
even worse. The sensitivity of the method according to the 
invention, however, allows for determination of function since 
mRNAs must be used in the synthesis mixture only in the /xM 
concentration range and below and a small sample volume is 
sufficient for the analysis. 

Determination of molecular size distributions 

In the analysis of polymeric chemistry, it is important to 
determine polymer distributions. This can be achieved in a 
simple way by using the method according to the invention which 
hence represents an alternative to ultracentrif ugat ion methods 
and physical flow methods. Herein, the inherent fluorescence of 
an oligomer or polymer may be used or association or coupling of 
luminophorous ligands can be observed. 

In situ hybridization is a method in which the specific double 
strand formation between a labeled nucleic acid probe and a 
complementary target nucleic acid is performed in a geometrical- 
ly fixed arrangement of the object to be analyzed. The object to 
be analyzed can be a surface fixed preparation of molecules or 
molecular complexes. Examples include preparations of chromo- 
somes, transcription complexes, or translation complexes. In 
routine analysis, surface fixed tissue slices or cells from cell 
cultures are often important . 
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Dynamic laser correlation spectroscopy 

Due to its sensitivity, the method according to the invention 
allows for the localization even of single hybridized or, in the 
case of ligands other than nucleic acids, complexed ligands 
which are coupled to a fluorescence label . The advantage of the 
method according to the invention is based on the high sensitiv- 
ity of the detection of single molecules. This allows for direct 
analyses where otherwise the use of an enzyme-based amplifica- 
tion reaction would be necessary or high local concentration of 
target molecules would be required, such as in the case of poly- 
tene chromosomes. The use of double or multiple labeling in the 
method according to the invention whereby the relative position 
of interesting structures can be determined is also claimed. 

The method according to the invention with confocal imaging of 
smallest volume elements by using a pinhole aperture for the 
analysis of dynamic processes can be used, according to the 
invention, in combination with the corresponding method used in 
a laser scanning microscope in order to obtain a high spatial 
resolution of structures. Whereas with the laser scanning 
microscope fluorescence intensity alone is used as a measuring 
quantity, the "laser correlation microscope" according to the 
invention employs the correlation function and the dynamic 
contents thereof in the measuring element defined by the space 
coordinates (x,y,z) which is imaged two- or three-dimensionally 

(figure 10) . In this way, two-dimensional (cross section) or 
three-dimensional images of the dynamics of a labeled molecule 

(rotational, translational diffusion, chemical kinetics) e.g. in 
a cell or in another biological object can be depicted. 

The schematic figure 10 is explained hereinafter. The organiza- 
tion in principle of the optics according to the invention is 
depicted. The sample is contained in a sample holder which can 
be shifted within a given defined screen by a two- or three-dim- 
ensionally controllable piezo drive. The respective related vol- 
ume elements are analyzed for dynamic processes and as a whole 
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assembled into a two-dimensional (cross section) or three-dimen- 
sional image by a computer. 

33. Determination of epidemiologically conserved gene segments 

Through determination of the dissociation rates of hybrid double 
strands, homology estimations can be performed in analogy to the 
determinations of dissociation rate constants described above. 
This is of great importance in epidemiological analysis of di- 
verging pathogens as in the HI virus. To develop diagnostic 
probes and to evaluate their reliability, several gene segments 
of different origin must be examined for those parameters (see 
figure 22) . 

Method for simultaneous testing of a plurality of mutations on 
a target genome 

In the analysis of genetic diseases, the problem frequently 
arises to assay for the presence of a great number of possible 
mutations simultaneously. This is the case especially with dom- 
inant genetic diseases or X . chromosome encoded diseases. With 
recessive diseases, it is often important to evaluate whether a 
particular point mutation occurs only on one allele or on both 
alleles simultaneously (see cystic fibrosis with more than 30 
mutations described to date) . The procedure according to the 
invention allows for simultaneous analysis for different 
mutations in one sample (figure 23). 

Detection of single bacteria through the binding specificities 
of surface-expressing bacteria 

For a great number of important applications of modern biotech- 
nological research, it would be extremely advantageous and 
efficient, if in a method detection of a single bacterium or 
virus with functional surface proteins could take place instead 
of the detection of a functional biomolecule in a given sample 
volume. The critical advantage lies in the coupling, which is 
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often very interesting, of a phenotypical expression product, 
e.g. a natural or recombinant surface protein, to its genetic 
template . 

The genome of microorganisms comprises about 10 7 nucleotides. By 
shotgun expression, subgenic fragments of an average length of 
100 amino acids can be expressed by methods known per se . Con- 
sidering the variation of reading frame (factor 3) and an assum- 
ed non-coding complementary strand, 10 8 recombinant bacterial 
clones contain each segment about 100-fold. 10 8 recombinant bac- 
terial clones which are contained in 1 ml of a suspension of 10D 
can be examined individually for e.g. their properties of bin- 
ding to IgE from an allergically responding patient by the 
method according to the invention in about 24 hours. The bacte- 
ria correspondingly characterized will have to be singled out or 
at least to be highly enriched, and to be biologically expanded, 
or the corresponding genome segment will have to be amplified 
and characterized by enzyme-based amplification methods. 

Such problems are connected with methods for the evolutive 
optimization of peptides and/or proteins by using mutagenesis 
methods and selection methods such as described, for instance, 
in W092/18645. Within 24 hours, about 10 9 bacteria can be 
screened by their properties of binding to specific dye-labeled 
substances for the presence of a bacterium expressing a surface 
protein/peptide having the ability to interact with the target 
molecule at a given concentration. The corresponding bacterium 
can be cloned from such a reaction mixture by conventional 
methods . 

Another important application spectrum results from the so- 
called genome project for the functional mapping of gene 
segments from genomic libraries, cDNA libraries or libraries of 
subgenic structural elements (Shape Space) . In this way, the 
functions of genomic and/or subgenomic segments from extended 
collectives, e.g. their behavior of binding to target molecules, 
can be determined. 
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The use of the methodology described of functional assignment of 
genetically encoded peptide segments will become very important 
especially in allergologic research. The assignment of immuno- 
dominant epitopes on allergens (e.g. Aspergillus, milk protein, 
a-amylase) is of extraordinary importance and represents a prob- 
lem that has been difficult to solve to date. Typical problems 
occurring in practice are: 

The determination of the IgE binding molecules in a mixture of 
substances which is usually ill-characterized. For instance, 
answering to the question is important which contents of soya 
lecithin are immunogen : the pure substance alone, the pure sub- 
stance in its interaction with impurities of the preparation, or 
the interaction with structures of the host organism. According 
to the invention, the different substances in the mixture can be 
differentiated with labeled IgE from patients. 

By expression of subgenic gene segments, the immunodominant 
epitopes can be localized and characterized by the method 
mentioned above. With these results, 

evolutively analogue functional molecules lacking the 
corresponding immunodominant regions, e.g. a less immuno- 
genic of-amylase, can be generated by the methods described 
in W092/18645, and 

the specific epitopes can be prepared simply by standard 
methods of genetic engineering and be used as pure test 
reagents or for desensibilization . 

The device 

The measuring array is a device which is particularly useful for 
performing the method according to the invention due to the 
diffraction- limiting focusing of a laser beam in the arrangement 
described below. According to figure 14, the device is charac- 
terized by a prefocused laser beam. By introducing a combination 
of focusing lens and exchangeable microscope optics with con- 



stant imaging distance, the diameter of the prefocused laser 
beam can be varied. After deflection by a dichroitic mirror, the 
prefocused laser beam is imaged on the sample volume which is 
present, for instance, on a carrier or in a hanging drop 1 by 
means of air or water immersion optics with or without a cover 
glass. Usually, the fluorescence emission is taken up and imaged 
by the immersion optics in an angle of 180° with respect to the 
direction of the exciting light. In the object plane 25, there 
is a pinhole aperture which is then imaged in an appropriate 
scale on a semiconductor detector element (avalanche photodiode) 
after passing appropriate cut-off or interference filters. The 
appropriate scale results from adjusting imaging of the sample 
to the dimension of the photodiode. Preferably, the photodiodes 
are realized relatively small, as in the range of 100 jxm, so 
that they can "replace" pinhole apertures in terms of a confocal 
detector. In a special embodiment of the device according to the 
invention, the diodes can also be arranged in ensembles in the 
form of detector arrays . 

Imaging of the pinhole aperture 5 0 can take place using a beam 
splitter 60 on, for instance, 2 detector elements 53, 54 that 
are optimized for different emission wavelengths. Instead of the 
pinhole aperture, one or more semiconductor detector elements 
(an array), for example, can be placed in the image plane. 

In a preferred embodiment, the device according to the inven- 
tion, which can be divided mentally into a unit for the genera- 
tion of diffraction-limiting focusing of a laser beam and an 
observing unit, has the following construction elements. The 
appliance 20 for prefocusing a laser beam 21 further contains a 
dichroitic mirror 30 in the beam path of the laser to deflect 
the laser beam 21. The laser beam generated by diffraction- 
limiting focusing is imaged after deflection by the dichroitic 
mirror 3 0 by means of another lens 4 0 into the sample which is 
positioned, for instance, on a carrier or is present in the form 
of a hanging drop 1 . 
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Optionally, the observing unit has filter appliances 51, photon 
counter appliances 52, a correlation appliance 71 and/or a mul- 
tichannel scaler appliance 72 . The measuring signal can option- 
ally be processed and/or evaluated in a computer assisted way. 

Figure 15 shows schematically the prefocusing appliance 20 for 
prefocusing the laser beam 21. By the lens L 22 and an array 23 
corresponding to microscope optics the collineated laser beam 21 
is imaged on the image plane B x through the lens 22 . The array 
23 images the laser beam on image plane B 2 as a first image. 
Preferably, the array 23 is provided with an exchangeable arran- 
gement of lenses, for instance in the form of a microscope nose 
piece. The diameter of the prefocused laser beam 21 can be 
varied therewith. 

In a preferred embodiment of the device according to the inven- 
tion, the detection unit consists of two detectors 52 and 54 and 
has a beam splitter 60 partitioning the light 55 emitted from 
the sample to the detectors 53 and 54. This arrangement is 
schematically shown in figure 16. It is advantageous therein, 
that the emitted light 55 from the sample 1 passes imaging len- 
ses 56, 57 and filter elements 58, 59 prior to entering each of 
the detectors 53 or 54. In particular, it is advantageous that 
the detectors 53 and 54 each can detect light of different wave- 
lengths. This can be achieved by selecting suitable filters. 

If the detector elements are placed in the image plane in the 
form of a detector array, the use of the pinhole aperture 50 can 
be dispensed with. The detector elements should then preferably 
have a size of < 100 /xm. Another preferred embodiment of the 
device according to the invention has a pinhole 5 0 in the beam 
path 55. 

In figure 25, a double microscope as used for investigating a 
measuring compartment (sketched out at 62) is depicted in side 
view. The microscope has a vertical support 63 (rectangular 
tube) provided with a sole plate 64. On the upper end of the 
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support 63, a central supporting arm 65 is pivoted to rotate 
around a horizontal axis. The central supporting arm 65 is 
devised hollow and provided inside with optical elements, such 
as a beam splitter 66 and a 45° reflecting mirror 67. The 
bearing axis 68 of the supporting arm 65 is devised hollow, 
wherein two superimposed laser beams are radiated axially into 
the supporting arm 56 alongside the ideal rotation axis and 
there impinge on the beam splitter 6 6 and on the mirror 6 7 

(broad roof prism) in the beam path behind. Through the beam 
splitter 66 and the mirror 67, the two superimposed laser beams 
are guided out of the supporting arm 65 on two opposing sides; 
at these sites, the supporting arm is provided with openings 69 

(glass cover plate) . 

The two laser beams 70, 71 leaving the supporting arm 65 impinge 
on the beam splitters 72, 73 which deflect laser beams 70, 71 so 
that their direction is parallel to the axial direction of 
supporting arm 65. 

At the free end of supporting arm 65, a supporting arm 74 is 
attached which is arranged in such a way relative to supporting 
arm 65 that both arms together form a T-shaped configuration. At 
the front side of supporting arm 74 facing away from support 63 
there are guiding appliances 75 for guiding longitudinal shift 
of body parts 76 which in turn bear an objective nose piece 77 
with the objective lens 78. The relative alignment of the two 
nose pieces 77 is such that the objective lenses 78 are facing 
one another and are lying on a common optical axis, while bet- 
ween the two objective lenses 78 the specimen stage 79 is loc- 
ated which in turn is held by supporting arm 74. Inside the 
supporting arm 74 there is a double spindle drive 8 0 with two 
spindles 81 having opposite threads. The spindles 81 are in 
thread-connection with arms 82 projecting into supporting arm 74 
and connected to the body parts 76. Thus, when the double 
spindle drive 8 8 is driven, the two body parts 76 are moving, 
depending of the driving direction, towards one another or away 



from one another, so that the focuses of the two objective 
lenses can be joined. 

A double guiding system is connected with each of the two dis- 
placeable body parts 76. Each of those double guiding systems is 
embodied in form of a twin fish tail slide rail 83, 84. These 
slide rails 83, 84 are arranged facing the two ends of support- 
ing arm 74 at the faces and are shifted along with the body 
parts 76. The two slide rails 83, 84 project beyond supporting 
arm 74 on both sides (side of glass slide and of connection with 
supporting arm 65) while being parallel to the supporting arm 
65. The inner sides that are facing each other are provided with 
optical elements 85, 86 for prefocusing the laser light coming 
from the semitransparent mirrors or beam splitters 72, 73. On 
the sides of the two slide rails 83, 84 that are facing away 
from each other, more optical elements (lenses, apertures, 
filters and the like) are located in order to affect the light 
coming from the measuring compartment. 88 are the pinholes and 
89 designates biconvex lenses for imaging the pinhole apertures 
on the detectors to detect the fluorescence radiation. Further- 
more, at the outer sides of slide rails 83, 84 that are facing 
away from each other, there are reflecting mirrors 8 9 being 
aligned in an angle of 45° and deflecting the light coming from 
the measuring compartment 62 towards the optical elements 87, 
88. In addition, the actual detectors 90, 91 (avalanche photo- 
diodes) which convert to electric signals the information from 
the received laser light required for further processing in 
cross correlation are located on those sides of the slide rails 
83, 84. 

The operation mode of the double microscope shown in figure 2 5 
is as follows. Through the bearing axis 68, the two superimposed 
laser beams (70, 71) of different wavelengths are entering sup- 
porting arm 65 where one of the laser beams 71 is reflected by 
the beam splitter element 66 by 90° to one side and the other 
laser beam 70 is reflected by 90° in the opposite direction via 
the mirror 67 after having penetrated beam splitter 66. The 
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laser beams 70, 71 leaving openings 69 of supporting arm 65 im- 
pinge on the beam splitters or semitransparent mirrors 72, 73, 
from which they pass the optical elements 86. Thereafter, the 
laser beams penetrate supporting arm 74, to which end the latter 
is provided with elongated holes 92 on its sides facing the sup- 
port 63 and the specimen stage 79 (in figure 25, only the elon- 
gated holes 92 facing support 63 are depicted) . Then, the laser 
beams 70, 71 further run through the body parts 76 where they 
impinge on equally semitransparent mirrors 93 from where they 
run through the nose pieces 77 and the objective lenses 78 to 
impinge on the measuring compartment 62. The light reflected by 
the measuring compartment 62 penetrates the semitransparent mir- 
rors 93 without deflection and is sent to the optical elements 
87, 88 at the outer sides of slide rails 83, 84 by the reflec- 
ting mirrors 89. Thereafter, it impinges on detectors 90, 91. 

In order to be able to adjust, depending on the objective lenses 
78 used which are identical, the focuses of those lenses onto 
the measuring compartment 62, the body parts 76 and along with 
them the slide rails 83, 84 can be shifted, as has been set 
forth above. Since the semitransparent mirrors 72, 73 are held 
on the sides of the slide rails 83, 84 that face each other, as 
are the optical elements 86, the distance of the semitransparent 
mirrors 72, 73 from the reflecting mirror 67 and the semitrans- 
parent mirror (beam splitter 66) changes when the body parts 76 
and the slide rails 83, 84 are shifted. In the regions following 
the semitransparent mirrors 72, 73, where the laser beams 70, 71 
are running parallel to the supporting arm 65, the distance of 
those beams from said mirrors is changed. According to this, 
their relative position within the elongated holes 92 of suppor- 
ting arm 74 changes. From this it becomes apparent that all 
optics which are located outside the central supporting arm 65 
are moved when the focuses of the two identical objective lenses 
78 are changed while the two possible directions of movement 
coincide with the directions of the laser beams 70, 71 leaving 
the central supporting arm 65. 
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The entire double microscope has an extremely compact construc- 
tion. All elements are arranged such that the weights are "es- 
sentially uniformly" distributed. The operator of the double 
microscope facing the specimen stage 79 is not hindered by op- 
tical elements and appliances of the microscope in his working 
area. The central supporting arm 65 and hence the total of the 
optical appliances of the double microscope can be rotated (see 
arrow 94) . The central supporting arm is held at the support 63 
by two bearings which are tensioned axially to one another so 
that no bending will occur. The position of one of the two 
objective lenses 78 can be positioned with extreme accuracy by 
a piezoelectrically or otherwise driven and working adjusting 
element (not shown) in order to be able to balance an offset of 
the common focus of the two objective lenses 78 from the posit- 
ion where the measuring compartment 62 is located on the spec- 
imen stage 79. 

In addition to the optical elements which are described and 
depicted herein, such as lenses, filters, reflecting mirrors, 
semitransparent mirrors, additional optical elements can be 
positioned in the beam path of the laser beams 70, 71, if this 
is required or recommended by the examinations to be performed. 

Figure 17 shows a deoxyribonucleic acid labeled with rhodamine . 
The ordinate exhibits the normalized intensity correlation func- 
tion. The abscissa is a logarithmic time axis. The concentration 
are given in terms of labeled molecules per volume element (2 x 
10" 16 1) . Figure 17 a) shows the mononucleotide uracil, two mol- 
ecules per volume unit, whose diffusion time is 0.067 millisec- 
onds. Figure 17 b) shows a DNA with 500 base pairs corresponding 
to 0.3 molecules per volume unit having a diffusion time of 1.8 
milliseconds . 

Figure 18 shows the interaction of - a fluorescence labeled recep- 
tor ligand with cell-bound receptors (/?- adrenergic receptors) in 
human lymphocytes . The axes of the system of coordinates are as 
described in figure 17 above. Figure 18 a) shows the labeled 
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ligand in BSS, 10.7 molecules per volume unit with a diffusion 
time of 1.1 milliseconds. 

Figure 18 b) shows the lymphocyte receptors labeled with ligand 
in BSS, 72 molecules per volume unit, diffusion time 13 sec. 

Figure 18 c) shows the situation of 76% free ligands and 24% 
ligands bound to the lymphocyte receptor. 

Since fluorescence correlation functions can be obtained within 
10-100 ms, 1000 picture elements can be coded within 10 to 100 
seconds. In particular, each picture element of the method ac- 
cording to the invention corresponds to one Poisson space elem- 
ent typically having a radius of 0.1-1 fim and a length of 1-3 
/im. The correlation function is calculated in each picture 
element for a given period of time and stored along with the 
respective coordinate x,y,z. Thereafter, the preparation is 
preferably shifted by a piezo drive to the new coordinate point, 
and so forth. Instead of shifting the preparation, the laser 
beam, for instance, can also be shifted within given limits by 
a suitable mirror appliance (see figure 9) . The dynamic picture 
elements are then assembled to an image in the computer. 

Figure 6 describes the preferred arrangement of the optical 
detection unit with an electric molecular trap with respect to 
the sample volume and the measuring volume . One or two detectors 
(detectors 1/2) detect the emitted fluorescence signals from the 
measuring volume element which are also imaged confocally 
through one or two optical units as described in the text. The 
aqueous sample is either in direct contact with the surface of 
the emergence lens or is separated from the objective by a thin 
sheet as depicted in figure 3 . 

The sample is held between at least two capillaries with an in- 
side diameter of the capillary end of about 1 /xm. In the case of 
functioning as molecular traps for ionic molecules, the capil- 
laries are coated with a conducting surface layer, preferably 
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gold on a chromium priming to which a rectified or an alternat- 
ing field can be applied. Controlling of the field is preferably- 
done by a computer which is interfaced with the optical detec- 
tion unit and can regulate the fields in a defined manner when 
an interesting molecule is entering. 

Figure 3 describes a preferred embodiment of the arrangement ac- 
cording to the invention for screening large numbers of mutants 
for particular fitness parameters. Samples can be examined using 
an optical detection unit according to figure 6 . The samples are 
present in the form of droplets under a sheet-like surface which 
in turn is preferably in contact with the objective in terms of 
water immersion. The sheet can bear certain coatings allowing 
for selective binding of molecules from the respective samples 
to their surface. The samples can be regularly deposited at 
defined positions, e.g. when using a microdispensing system, or 
in random distribution. To prevent evaporating of the solvent 
from the samples the droplets may be surrounded by a protecting 
matrix, e.g. polymer structures or oil. 

Figure 7 schematically shows FCS tagging of selected genotypes. 
If particular samples correspond to fitness parameters prese- 
lected according to figure 3, access to the respective volume 
segments can be facilitated by the surface being provided with 
a photoactivable coating, which marks the position, e.g. optic- 
ally, and allows for subsequent access to the sample. 

Access to a selected volume segment or to molecules contained 
therein, such as coding nucleic acids, as shown schematically in 
figure 8, can also be achieved by photoactivating soluble reac- 
tants in the volume element e.g. to react with a nucleic acid. 
Nucleic acids thus labeled can be subsequently isolated in a 
relatively simple way in order to subject them to further 
reactions, for example, a PCR reaction. 

Figure 11 shows a selection of possible assays according to the 
invention. "Ag" stands for antigen, but refers to the analyte in 



9 

- 80 - 

general terms, such as e.g. nucleic acid molecules for detection 
in double strand structures as well. 

"Ak" stands for antibody, but refers in general terms to a spec- 
ific test reagent for an analyte, such as antibody fragments, 
binding domains, or nucleic acids complementary to an analyte. 

"F" stands for a luminescence dye, in particular a fluorescence 
dye . 

(A) Specific complexing, according to the invention, of an 
analyte "Ag" by a fluorescence labeled test reagent wherein 
the fluorescence labeled test reagent in a complexed form 
is distinguished, according to the invention, from its free 
form. This constellation allows for an excess of up to 
1000-fold with respect to the analyte. 

(B) Same as (A) , however, the binding of a second test reagent 
added in excess in an unlabeled form is used to increase 
too small a difference in the sizes of the complex and the 
uncomplexed labeled test reagent. 

(C) Competitive RIA-analogous assay with a smaller than equiva- 
lent amount of test reagent and addition of fluorescence 
labeled competitor analyte. 

(D) Assay with large excess of test reagent, wherein at least 
two different test reagents are employed whose dye labels 
indicate specific complex formation through energy trans- 
fer . 

(E) Same as (D) , wherein the different dyes are detected indep- 
endantly according to the invention and the formation of a 
common complex is determined by time correlation of the 
different optical signals. 
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Figure 19 schematically describes how the dissociation behavior 
of complexes from n receptor molecules in n reaction mixtures 
and with dye-labeled ligand can present itself in parallel ex- 
periments. In defined time intervals, several reaction mixtures 
are repeatedly analyzed. At the beginning, excess of an unla- 
beled ligand is added to the mixture so that any dissociated 
complex is converted again into a complex with unlabeled ligand. 
From the courses of curves l,3,n individual dissociation rate 
constants can be estimated, the courses of curves 2 and n-1 
reveal two distinguishable dissociation processes and indicate 
distinguishable receptors . 

Figure 20 shows different embodiments of the electric trap ac- 
cording to the invention. (a) a,b,c,d represent quadrupolar 
electrodes (metal coated Neher capillaries or metal vapor de- 
posited electrodes on microstructures on flat sample carriers 

(silicone, glass and other base materials)); e,f in the case of 
sextupole electrodes (e.g. as metal vapor deposited emergence 
lens of one or two objectives) . Adjustment is done by x,y,z ad- 
justment, (b) Use of flat carriers with etched electrode chan- 
nels or LIGA technique prepared forms through which the motion 
of charged molecules in the electric field can be controlled. 
The bottom plates for e and f can be objectives coated as sex- 
tupole electrodes or metal vapor deposited coverings, (c) Use of 

(b) in combination with a sample dispenser system consisting of 
a capillary made of mineral materials (e.g. glass, silicon, 
etc., or plastics such as Teflon to prevent electroosmotic cap- 
illary effects) for large volume sample reception with an elec- 
trode at the capillary end (about +0-100 V) and with a collec- 
ting electrode at earth potential (0 V) . 

Figure 21 illustrates the possibility of detection of charged 
molecules by means of electric traps, (a) If target molecules 
are present within the quadrupole or sextupole field, the 
molecules can be set into forced motion by a random alternating 
field over the electrodes a,b,c,d. They thus become countable 
according to the invention. (b) The position of a molecule 
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within the trap is recognized by a multielement detector. By- 
active feedback the quadrupole/sextupole field is adjusted such 
that the molecule gets fixed in its position within a defined 
area/volume element . 

Figure 22 schematically shows analysis for epidemiologically 
conserved gene segments on a virus genome. A DNA/RNA mixture of 
different virus strains is labeled segment by segment each with 
a labeled counter-strand probe and subjected to a displacement 
experiment by an excess of unlabeled probe. The rapid appearance 
of free labeled probe below the melting temperature indicates 
that many strains have formed complexes with the probe exhibit- 
ing many mismatches. In these regions, the strains are evidently 
highly heterogeneous . 

In figure 23, a method is depicted by which it is possible, 
according to the invention, to deduce the presence of at least 
one of several possible mutations on a genome segment simulta- 
neously through cross correlation. A mixture of unlabeled frag- 
ments is added to the DNA or RNA mixture to be analyzed. Hybrid- 
ization of probe p with dye F2 must correlate with the simulta- 
neous hybridization of at least one probe ml-m6 labeled with dye 
Fl, if one of , the sought mutations is present. Probes ml-m6 are 
each complementary to the mutated sequences and cannot effi- 
ciently form double strand structures with wild type sequences 
under stringent conditions. Preferred concentrations for the 
nucleic acid to be analyzed are from 10" 10 M to 10" 14 M, whereas 
the probes are offered in a concentration of preferably from 
10" 8 M to 10' 11 M. 

Figure 24^ schematically depicts the significance of small excit- 
ation volumes (a) , small measuring volumes (b) and small volumes 
in parallel measurements (c) according to the invention, (a) A 
section from an exciting luminous pencil without prefocusing is 
shown with imaging of a small measuring volume according to the 
invention. A region is formed wherein photoinact ivation of a dye 
label can occur prior to entering the actual measuring volume so 
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that the effective concentration in the measuring volume is 
lower than the actual concentration. This is prevented to a 
large extent, according to the invention, by illuminating with 
prefocused exciting light and imaging through a pinhole aperture 
in the object plane. Thus, a Gaussian volume with Gaussian dis- 
tribution of light intensity is formed (b) . (c) shows a section 
from parallel irradiated exciting luminous pencils with prefoc- 
using with preferred imaging of small measuring volumes or 
successive illuminations and measurements of different volume 
elements with different space coordinates within the sample 
volume . 



